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ABSTRACT
R elease  p a t te rn s  o f  N (NO^-N+NH^-N and NH^-N), F, K, Mg and Ca 
were determ ined over a  124-day  p e rio d  in  1980 u s in g  s ix  r a te s  o f  a 
s u lfu r -c o a te d  s lo w -re le a se  f e r t i l i z e r ,  th re e  m ic ro n u tr ie n t m ixes, and 
two a p p lic a tio n  m ethods. Leachate e x tra c t io n s  from 3»75 l i t e r  con­
ta in e r s  o f  G ardenia .iasm inoides 'R ad ican s1 were taken  b i-w eekly  fo r  
la b o ra to ry  n u tr ie n t  a n a ly se s . Media sam plings were c o lle c te d  a t  
monthly in te r v a l s .
Leachate an aly ses showed th e  17.82 kg/rn^ r a t e  produced s i g n i f i ­
c a n tly  h ig h e r NO^-N+NH^-N, NH^-N, and K le v e ls  a t  a l l  e ig h t e x tra c t io n s  
in t e r v a l s .  Levels o f  P showed wide v a r ia t io n s  w ithou t t r e n d . Media 
sam plings showed th e  17*82 kg/nr* r a t e  produced h ig h e r NO^-N, P , and 
K le v e l s .  Higher media pH le v e ls  were produced by th e  2 .97 kg/nr^ 
r a t e .  No c le a r ly  d e fin ed  t re n d  was evidenced in  th e  media Ca and 
Mg d a ta .
R elease o f  le a c h a te  NO^-N+NH^-N, NH^-N, and K showed a s i g n i f i ­
c an tly  h ig h e r e f f e c t iv e  n u t r i e n t  le v e l  f o r  approxim ately  30 days 
lo n g e r f o r  th e  to p  d ressed  method compared to  th e  in c o rp o ra te d  method 
o f  a p p lic a t io n . Method o f  a p p lic a t io n  e x e r te d  v e ry  l i t t l e  c o n s is te n t 
e f f e c t  on th e  le v e l s  o f  P in  le a c h a te s .  Media sam pling r e s u l t s  were 
g e n e ra lly  th e  same as le a c h a te  r e s u l t s  f o r  NO^-N, P, and K. Media 
le v e ls  f o r  Ca and Mg were g e n e ra lly  s ig n i f i c a n t ly  h igher when the  
SulfurK ote was in c o rp o ra te d . Top d re s s in g  showed a c o n s is te n t decrease  
in  pH th roughou t th e  s tu d y , w hile  in c o rp o ra tio n  showed a c o n s is te n t 
in c re a se  during  th e  same p e r io d .
x i i i
N e ith e r  o f  th e  th r e e  m ic ro n u tr ie n t mixes d i f f e r e d  s ig n i f i c a n t ly  
in  t h e i r  in f lu e n c e  on le a c h a te  N O ^-N +N H ^-N , N H ^-N , and K. Micromax 
r e s u l te d  in  h ig h e r P le v e l s  a t  th re e  t e s t i n g  d a te s .  For media sam­
p lin g s  P r o - S ta r t  produced s ig n i f i c a n t ly  h ig h e r .NCy*N and Ca le v e l s ,  
Micromax r e s u l te d  in  h ig h e r P l e v e l s ,  w h ile  Pro Grow produced h ig h e r 
Mg le v e l s  a t  day-33 and day-60 . M ic ro n u tr ie n t mixes d id  n o t e x e r t  
a c le a r ly  d e fin ed  e f f e c t  on media K o r  pH l e v e l s .
R elease  p a t te r n s  o f  N (NQ^-N+NH^-N and NH^-N), P , K, Mg and Ca 
were determ ined  in  1981 ov er a 156-d ay  p e r io d  comparing f iv e  d i f f e r e n t  
com m ercially a v a i la b le  fo rm u la tio n s  o f  s u lfu r - c o a te d  f e r t i l i z e r s .  
N u tr ie n t an a ly ses  were o b ta in e d  from le a c h a te  e x tr a c t io n s  and media 
sam p lin g s.
Leachate e x tr a c t io n s  and media sam plings g e n e ra l ly  showed th e  
same c o n c lu s io n s . R elease  o f  NO^-N+NH^-N in  le a c h a te  e x tra c t io n s  
showed a s ig n i f i c a n t ly  h ig h e r e f f e c t iv e  n u t r i e n t  l e v e l  f o r  app ro x i­
m ately  70 days lo n g e r  w ith  S c o tts  SREF compared to  S ta-G reen  13-13-13, 
S ta-G reen  24 -4 -10 , LESCO 2 0 -6 -1 2 , and LESCO 14-14-14* S ta-G reen  
13-13-13 produced s ig n i f i c a n t ly  h ig h e r l e v e l s  o f  P 100 days lo n g e r 
th a n  th e  o th e r  fo u r  tre a tm e n ts .*  S ta-G reen  13-13-13 o r  S c o tts  SREF 
produced s ig n i f i c a n t ly  low er pH re a d in g s  compared to  th e  o th e r  th r e e  
t r e a tm e n ts .  P la n t  q u a l i ty  r a t in g s  s u b s ta n t ia te d  th e se  r e s u l t s .
x iv
INTRODUCTION
The p h y s ic a l p ro p e r t ie s  o f  media components c u r re n tly  be ing  used 
i n  th e  p ro d u c tio n  o f  con tainer-g row n woody ornam entals have been 
u t i l i z e d  to  p rov ide  p roper a ir -m o is tu re  r e la t io n s h ip s  fo r  p ro p er ro o t 
developm ent. I n te rn a l  d ra inage  c h a r a c te r i s t ic s  o f  th e se  media 
coupled w ith  in te n se  i r r i g a t i o n  p ra c t ic e s  r e s u l t  in  r a th e r  ra p id  
lo s s e s  o f  c e r ta in  e s s e n t i a l  e lem en ts . R esearch has been d ire c te d  
tow ard th e  development o f  mechanisms o f  c o n tro lle d  re le a s e  to  improve 
th e  e f f ic ie n c y  o f f e r t i l i t y  programs b o th  from th e  s ta n d p o in t o f  
n u t r ie n t  lo s s e s  and la b o r .
E v a lu a tio n  o f  th e  c o n tro l le d  re le a s e  p ro p e r t ie s  o f  s u lfu r -c o a te d  
f e r t i l i z e r s  has been th e  o b je c t o f  co n sid e rab le  r e c e n t  re s e a rc h . 
R e la t iv e ly  l im ite d  work, however, has been conducted under f i e l d  con­
d i t io n s  to  determ ine th e  n u t r i e n t  r e le a s e  p a t te rn s  o f  th e se  m a te r ia ls .  
This s tudy  was th e re fo re  i n i t i a t e d  to  determ ine le v e ls  and d u ra tio n  o f  
nitrate-N +am m oniacal-N , ammoniacal-N, P, and K r e le a s e ,  as w e ll as 
Ca, Mg, and pH, from b i-w eek ly  le a c h a te  e x tra c t io n s  and monthly media 
sam plings. In  th e  1980 s tu d y , comparisons o f  d if f e re n c e s  in  a p p lic a ­
t i o n  method, in c o rp o ra te d  v s .  to p  d re sse d , and th re e  m ic ro n u tr ien t 
mixes were made from s i x  r a te s  o f  S ta-G reen SulfurK ote (2 4 -4 -1 0 ). 
M icro n u trien t mixes compared were S ta-G reen P ro -S ta r t  (12 -6 -6 ) w ith  
m ic ro n u tr ie n ts , S co tts  ProGrow (24 -9 -9 ) p lu s  m ic ro n u tr ie n ts , and 
Micromax m ic ro n u tr ien t mix. N u trie n t r e le a s e  r a te s  from f iv e  d i f f e r ­
e n t fo rm u la tio n s  o f  s u lfu r -c o a te d  f e r t i l i z e r s  were compared in  th e  
1981 s tu d y . F e r t i l i z e r  tre a tm e n ts  in c lu d ed  Sta-G reen SulfurK ote
1
13-13-13, Sta-G reen SulfurK ote 24-4-10 , LESCO 20-6-12 p lu s  M inors, 
LESCO 14-14-14 p lu s  M inors, and S c o tts  SREF 20-4-10*
REVIEW OF LITERATURE
A gronom ists, h o r t i c u l t u r i s t s ,  fa rm e rs , and f e r t i l i z e r  m anufactur­
e r s  have lo n g  d e s ire d  a  f e r t i l i z e r  t h a t  r e le a s e s  p la n t  n u t r i e n t s  a t  a 
c o n tro l le d  r a t e .  As e a r ly  as  1907, E l l i s  (14) was g ra n te d  a U nited  
S ta te s  p a te n t  on an im pregnating  and c o a tin g  p ro cess  to  be u sed  in  
th e  p ro d u c tio n  o f  a slow re le a s e  f e r t i l i z e r .  However, i t  i s  o n ly  
w ith in  th e  l a s t  few y e a rs  t h a t  a m ajor i n t e r e s t  in  c o n tro l le d  n u t r i e n t  
r e le a s e  has developed  in  th e  U.S. f e r t i l i z e r  in d u s try .
Arniy (6) contends t h a t  th ro u g h  re s e a rc h , th e  in d u s try  u l t im a te ly  
hopes to  develop  and produce a f e r t i l i z e r  m a te r ia l  which w i l l  r e le a s e  
n u t r i e n t s  a t  a  r a t e  e x a c tly  eq u a l to  th e  demands o f  th e  growing p la n t .  
This u l t im a te  g o a l may n ev er be reach ed , b u t c o n s id e ra b le  p ro g ress  has 
a lre a d y  been made. The concept o f  " c o n t ro l le d ” o r  "m etered" r e le a s e  
i s  f irm ly  im p lan ted  in  th e  th in k in g  o f  th e  m odern-day f e r t i l i z e r  te c h ­
n o lo g is t ,  ag ronom ist, and h o r t i c u l tu r i s t , ,
V arious m a te r ia ls  have been used  ex p e rim en ta lly  as c o a tin g s , th e  
most im p o rtan t b e in g  w axes, polym ers, and s u l f u r .  A ccording to  
Pow ell (36 ) ,  polym ers u sed  in c lu d e  condensates o f  form aldehyde w ith  
u re a , th io u r e a ,  p h en o l, d icyandiam ide and melamine, epoxy p o ly e s te r  
and a c r y l ic  r e s in s ,  p o ly u re th a n e , p o ly s ty re n e , p o ly e th y le n e , p o ly ­
am ides, p o ly a c ry la te  n i t r i l e ,  p o ly v in y l c h lo r id e  -  p o ly v in y lid e n e  
c h lo r id e , v in y l  a c e ta te ,  o i l s ,  gums and l a te x e s .  Pow ell (36 ) adds 
t h a t  m a te r ia ls  such as u rea-fo rm aldehyde  and m elam ine-form aldehyde 
polym ers a re  a t t r a c t i v e  because o f  t h e i r  h ig h  n itro g e n  c o n te n t , b u t 
th e y  have been found in e f f e c t iv e  as c o a tin g s . S lack  ( 44) c a l le d
a t t e n t io n  to  two main problem s in  p roducing  an e f f e c t iv e  c o a tin g : 
l )  th e  co a tin g  must be t h i n  o r  e ls e  i t  occu p ies  a la rg e  amount o f  
th e  e n t i r e  f e r t i l i z e r  p a r t i c l e  volume (about 40^  even w ith  a  r e l a ­
t i v e l y  t h i n  s h e l l ) ,  causing  an u n d e s ira b le  d i lu t io n  o f  th e  n u t r i e n t  
c o n ten t o f  th e  p a r t i c l e ;  and 2 ) th e  r e l a t i v e l y  p o ro u s , rough , and 
i r r e g u la r  su rfa c e  o f  th e  p a r t i c l e  makes uniform  c o a tin g , f r e e  o f  
im p e rfe c tio n s , d i f f i c u l t .
B arron (7i&) s tu d ie d  th e  v a r io u s  s lo w -re le a s e  f e r t i l i z e r s  which 
have been developed . I t  became ap p aren t to  him th a t  each m a te r ia l  
has i t s  own s p e c i f ic  c h a r a c te r i s t i c s  and i t  i s  th e se  c h a r a c te r i s t i c s  
which w i l l  in f lu e n c e  w hether o r  n o t a g iven  p ro d u c t w i l l  o f f e r  a h ig h  
p o te n t i a l  f o r  p ro v id in g  improved p la n t  n u t r i t i o n  and p la n t  growth f o r  
a g iven  crop  reg im e. In  o rd e r  to  b e t t e r  u n d e rs tan d  how to  e v a lu a te  
th e  p o te n t i a l  v a lu e s  o f  a  g iv en  m a te r ia l ,  B arron (7 |S )  s p e c i f ie d  some 
o f  th e  more im p o rtan t c h a r s e t e r i s t i c s  which would be d e s ir a b le  i f  one 
were to  p ropose an " id e a l” s lo w -re le a se  f e r t i l i z e r . .
R elease  p a t t e r n s : B arron (7 tS ) found th a t
n u t r i e n t s  shou ld  r e le a s e  in  a  p a t te r n  to  co in c id e  
re a so n a b ly  w e ll w ith  th e  up take  p a t te r n  o f  th e  crop 
in  q u e s tio n  and a  h ig h  p ro p o r tio n  o f  th e  n u t r i e n t s  
su p p lie d  sho u ld  be r e le a s e d  d u rin g  t h a t  crop  c y c le .
O bviously , a p ro d u c t which re le a s e d  i t s  n u t r i e n t s  
o v er a tw elve  month p e r io d  would n o t be e f f i c i e n t  i f  
u t i l i z e d  f o r  a  th re e  to  f iv e  month c ro p . B arron 
(7 , 8 ) f u r th e r  added t h a t  th e  r e le a s e  r a t e  would l i k e l y  
be to o  slow  to  ad eq u a te ly  fe e d  th e  crop  u n le ss  v e ry  
h ig h  r a te s  o f  a p p l ic a t io n  were made to  compensate f o r
th e  slow r a t e  o f  r e l e a s e , b u t i f  t h i s  were done, a 
la rg e  amount o f  th e  a p p lie d  n u t r i e n t s  would rem ain 
a t  th e  end o f  t h a t  crop  c y c le , which would be in e f ­
f i c i e n t .
V a r ia tio n s  in  r e le a s e  p a t t e r n s : B arron (7 ,8 )
o bserved  th a t  to  ach ieve  good e f f ic ie n c y  o f  n u t r i e n t  
up take  w ith  minimal r a t e s  o f  a p p l ic a t io n , i t  i s  
d e s ir a b le  t h a t  th e  m anufacturing  p ro ce ss  f o r  a  con- 
t r o l l e d - r e l e a s e  f e r t i l i z e r  p rov ide  s u f f i c i e n t  f l e x i ­
b i l i t y  to  a llow  p ro d u c tio n  o f  m a te r ia ls  w ith  v a rio u s  
re le a s e  p a t te rn s  and lo n g e v i t ie s  to  meet th e  d i f f e r ­
in g  req u irem en ts  o f  v a r io u s  c ro p s . C e r ta in ly , a 
s lo w -re le a se  p roduct which has one unchangeable 
r e le a s e  p a t te r n  and lo n g e v ity  cannot be ex p ec ted  to  
p ro v id e  e f f i c i e n t  r e s u l t s  in  b o th  s h o r t- te rm  con­
ta in e r-g ro w n  woody o rn am en ta ls .
P re d ic ta b le  r e le a s e :  The n u t r i e n ts  from an
" id e a l"  c o n tro l le d - r e le a s e  f e r t i l i z e r ,  acco rd in g  to  
B arron ( 7 ,8 ) ,  sho u ld  r e le a s e  in  a  rea so n ab ly  p r e d ic t ­
ab le  manner over a  b road  spectrum  o f  s o i l  and env iro n ­
m ental c o n d it io n s . I f  th e  r e le a s e  c h a r a c te r i s t i c s  
a re  unknown o r  u n p re d ic ta b le , i t  becomes d i f f i c u l t  
to  s e l e c t  th e  a p p ro p r ia te  r a t e  o f  a p p l ic a t io n  f o r  a 
g iven  crop  which can e f f i c i e n t l y  supp ly  optimum 
n u t r i t i o n .
C o n tro llin g  th e  r e le a s e  o f  n u t r ie n ts  from f e r t i l i z e r s  
a t  a r a t e  to  match th e  needs o f  th e  growing p la n t  has 
long  in tr ig u e d  s o i l  and crop s c i e n t i s t s  (2 ,3 , 4 , 6 , 9 , 10 , 
12 , 21 , 24 , 25 , 28 , 29131,3 2 ,3 3 ,34138 , 44 .46 ) .  These re se a rc h ­
e rs  have concluded th a t  c o n tro lle d  re le a s e  would p e rm it, 
in  many ca se s , la r g e r  s in g le  a p p lic a tio n s  o f  f e r t i l i z e r s ,  
reduce lu x u ry  consumption o f  n u t r i e n ts ,  a l l e v ia te  f e r t i ­
l i z e r  in ju r y  to  th e  seed  o r  s e e d lin g  by h igh  lo c a l  
c o n cen tra tio n s  o f  s a l t s ,  reduce le ac h in g  lo s s e s  and s o i l  
f ix a t io n  o f  c e r ta in  n u t r i e n t s ,  such as phosphorus, as 
w e ll as improve f e r t i l i z e r  s to ra g e  and d r i l l i n g  t r a i t s  
r e s u l t in g  in  b e t t e r  m arket p o te n t ia l .
Minimum e x te rn a l  e f f e c t s ; Barron (7 ,8 )  f u r th e r  
p o in ted  o u t th a t  th e  r e le a s e  c h a r a c te r i s t ic s  o f  
c o n tro lle d - re le a s e  f e r t i l i z e r s  may be in flu en c ed  to  
some degree by one o r more environm ental f a c to r s  
e x te rn a l  to  th e  p roduct i t s e l f ,  such as s o i l  tem pera­
tu r e ,  m oistu re  regim e, s o i l  pH, and b a c te r i a l  a c t i v i t y .  
The g re a te r  th e  number o f  e x te rn a l  fa c to r s  which • 
a f f e c t  th e  r e le a s e  from a  given m a te r ia l ,  th e  more 
d i f f i c u l t  i t  becomes to  p re d ic t  how i t  w i l l  r e le a s e  
and perform  i n  a  g iven  s i tu a t io n .
P o te n t ia l  harm ful c h a r a c t e r i s t i c s ; Barron (7 ,8 )  
emphasized th a t  id e a l ly ,  a c o n tro l le d - re le a s e  f e r t i ­
l i z e r  should  no t have c h a r a c te r i s t i c s  which could  
r e s t r i c t  o r  harm p la n t growth o r have d e tr im e n ta l
r e s id u a l  e f f e c t s  on th e  s o i l .  For in s ta n c e , a  m a te r ia l  
which r e le a s e s  la rg e  amounts o f  ammoniacal n itro g e n  
a t  one p e r io d  m ight produce in ju r io u s  e f f e c t s  on p la n t  
m a te r ia ls  s e n s i t iv e  to  ammonia.
S lo w -re lea se  n u t r i e n t s  i n  a d d it io n  to  n i t r o g e n ;
While most c o n tr o l le d - r e le a s e  p ro d u c ts  developed to  
d a te  p ro v id e  o n ly  n i tr o g e n , B arron (7 j 8) n o tic e d  th a t  
many s o i l  a re a s  and crops cou ld  a lso  b e n e f i t  from slow - 
r e le a s e  po tassium  and p e rh ap s, o th e r  p la n t  n u t r i e n t s .
Some m a te r ia ls  p ro v id e  s lo w -re le a se  po tassium  and 
phosphorus as w e ll as n i t ro g e n . Some c o n tro l le d -  
r e le a s e  f e r t i l i z e r s  p ro v id e  n i tro g e n  in  b o th  th e  ammon­
ia c a l  and n i t r a t e  forms and, in  c e r ta in  c ro p s , t h i s  i s  
b e lie v e d  to  be an agronomic advan tage .
Goh ( 19) has re p o r te d  t h a t  two m ajor f a c to r s  determ ine the. suc­
c e s s f u l  p ro d u c tio n  o f  con ta in er-g ro w n  p la n ts  in  comm ercial n u r s e r ie s ;  
th e  choice  o f  th e  m edia, p a r t i c u l a r ly  t h e i r  p h y s ic a l  p r o p e r t ie s ,  and 
th e  supp ly  o f  p la n t  n u t r i e n t s .  S ince ro o ts  o f  con ta iner-g row n  p la n ts  
a re  r e s t r i c t e d  to  r e l a t i v e l y  sma l l  volume o f  m edia, e f f i c i e n t  methods 
o f  n u t r i e n t  supp ly  become im p o r ta n t. S e v e ra l re s e a rc h e rs  (2 ,3 ,1 0 ,1 9 , 
33146) have c a r r ie d  on experim ents to  de term ine  th e  more e f f i c i e n t  
methods o f  n u t r i e n t  su p p ly .
B arron (7 |8 )  has d e f in e d  " f e r t i l i z e r  e f f ic ie n c y "  as t h a t  p ro ­
p o r t io n  o f  th e  p la n t  n u t r i e n t s  a p p lie d  i n  f e r t i l i z e r s  which i s  a c tu a l ly  
u t i l i z e d  by th e  p la n t s .  W ate r-so lu b le  n i tro g e n  f e r t i l i z e r s  a re  
l im i te d  in  t h e i r  e f f ic ie n c y .  N itro g en  and po tassium  a re  o f te n  tak en
up by crops in  amounts f a r  in  excess o f  th e  requ irem en ts fo r  optimum 
grow th, a  p ro cess  r e f e r r e d  to  as " lu x u ry  consum ption."
On an average , on ly  f o r ty  to  f i f t y  p e rc en t o f  th e  ap p lied  n i t r o ­
gen i s  u t i l i z e d  by th e  c rop . Under fav o ra b le  c ircu m stan ces , up to  
seven ty  p e rcen t o r  more may be ta k en  up by th e  crop, b u t co n d itio n s  
where only  t h i r t y - f i v e  p e rcen t o f  th e  n itro g e n  i s  u t i l i z e d  a re  n o t 
uncommon. A lliso n  (5) d e sc rib e s  lo s s e s  v a ry in g  from te n  p e rcen t 
under th e  b e s t  f i e l d  c o n d itio n s  to  s e v e n ty -f iv e  p e rc en t under th e  
p o o re s t c o n d itio n s . B arron (7,&) adds th a t  n itro g e n  n o t tak en  up by 
th e  crop i s  l o s t  th rough  le ac h in g  from th e  ro o t  zone, ru n o f f , v o la ­
t i l i z a t i o n  in to  th e  atm osphere, and f ix a t io n  in to  u n a v a ilab le  chemi­
c a l  forms by th e  s o i l .  Lunt, e t  a l  (32) observed th a t  in  c e r ta in  
a re a s , th e  power o f  f e r t i l i z e r s  to  p ro p e rly  s t im u la te  p la n t  growth 
i s  e i th e r  l o s t  o r  w asted, m ainly because th e  p la n t  n u tr ie n ts  a re  
r e le a s e d  from t h e i r  chem ical surround ings a t  an inopportune tim e . 
Barron (7 |8 )  co n sid e rs  f e r t i l i z e r  e f f ic ie n c y  in  term s o f  how many 
pounds o f  a g iven  p la n t  food must be ap p lie d  in  o rd e r to  o b ta in  uptake 
and u t i l i z a t i o n  o f  one pound o f  t h a t  n u tr ie n t  by th e  p la n t .  S ing le  
heavy a p p lic a tio n s  o f  n itro g en o u s f e r t i l i z e r s  a re  p a r t i c u la r ly  
i n e f f i c i e n t  because n itro g e n  i s  p rov ided  in  excess o f  th e  c ro p 's  
immediate requ irem en ts and le ach in g  and ru n o f f  lo s se s  ten d  to  be 
heavy. As a  r e s u l t , i n s u f f i c i e n t  n itro g e n  i s  o f te n  a v a ila b le  a t  th e  
l a t e r  s tag e s  o f  grow th. Heavy a p p lic a tio n s  o f  so lu b le  n itro g e n  may 
a lso  be harm ful to  c ro p s . R esearchers  (41 ,47) contend th a t  th e  most 
obvious s o lu t io n  to  t h i s  problem , re p e a te d  a p p lic a tio n s  o f  sm a lle r
amounts o f  n itro g e n , le ad s  to  g re a t ly  in c re a se d  a p p lic a t io n  c o s ts  and 
i s  p h y s ic a lly  im p ra c tic a l  fo r  many c ro p s . A llen  and Mays (2 ,3 )  s t a t e  
t h a t  one o f  th e  m ajor o b je c t iv e s  o f  th e  use o f  c o n tro l le d - re le a s e  
f e r t i l i z e r s  i s  to  o b ta in  s im ila r  r e s u l t s  w ith  a s in g le  annual a p p li­
c a tio n  as compared to  s p l i t  a p p l ic a t io n s .
Hauck and Koshino (25) . have d e fin ed  e f f ic ie n c y  in  term s o f  p la n t 
physio logy  and crop  q u a l i ty ,  f e r t i l i z e r  n u t r ie n t  re co v e ry , and econo­
mics o f  u se . From th e  v iew poin t o f  im proving n u tr ie n t  recovery  by 
p la n ts ,  th ey  ( 25) have c i te d  th r e e  main advantages fo r  s lo w -re le a se  
f e r t i l i z e r s :
l )  re d u c tio n  o f  chem ical and b io lo g ic a l  im m obili­
z a tio n  re a c t io n s  in  s o i l s  which cause p la n t-u n a v a ila b le  
form s; 2 ) red u c tio n  o f  ra p id  n i t r i f i c a t i o n  and n i t r o ­
gen lo s s  th rough  ammonia v o l a t i l i z a t i o n  and d e n i t r i f i c a ­
t io n ;  and 3 ) re d u c tio n  o f  n u t r i e n t  lo s s  v ia  le ac h in g  and 
runoffo  N itra te -N , w hether ap p lie d  d i r e c t ly  o r  d e riv ed  
from ammonium o r  o rg an ic  sources by n i t r i f i c a t i o n ,  i s  
h ig h ly  m obile in  s o i l .  Under h igh  r a i n f a l l  c o n d itio n s  
w ithout a  growing crop on th e  lan d  o r  under i r r i g a t io n ,  
lo s se s  o f  N to  d ra inage  w ater may be la r g e .  With con­
t r o l le d - r e l e a s e  N so u rc es , th e se  lo s s e s  may be p a r t i a l l y  
c o n tro lle d , s in ce  th a t  p o r tio n  n o t y e t d is so lv e d  i s  n o t 
s u b je c t to  le ac h in g  lo s s  from o c ca s io n a l heavy r a i n f a l l .
With continuous le a c h in g , a s i tu a t io n  seldom seen  o u t­
s id e  th e  la b o ra to iy , s im ila r  lo s s e s  might be expected  from
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s o lu b le  and c o n tro l le d - r e le a s e  so u rc e s , th e  on ly  
d if f e r e n c e  ly in g  in  th e  t im e - lo s s  p a t te r n .
A llen  and Mays (2) a lso  r e p o r t  t h a t  n i tro g e n  may be l o s t  from th e  
s o i l  by  d e n i t r i f i c a t i o n  d u rin g  p e rio d s  o f  f lo o d in g , p ro v id ed  o x id iz -  
a b le  o rg an ic  m a tte r  i s  p r e s e n t .  They (2) found t h a t  w ith  c o n tro l le d -  
r e le a s e  N so u rc e s , t h a t  p o r t io n  n o t y e t  d is so lv e d  and n i t r i f i e d  i s  
n o t s u b je c t  to  lo s s  and may become a v a i la b le  to  th e  crop  as more 
fa v o ra b le  s o i l  c o n d itio n s  f o r  p la n t  growth and developm ent. S im ila r­
l y ,  s u r fa c e -a p p lie d  N so u rc e s , p a r t i c u l a r ly  u re a , may lo s e  su b s tan ­
t i a l  amounts o f  NH^-N to  th e  a tm osphere . S ince maximum lo s s e s  occur 
from s in g le  heavy a p p lic a t io n s  where r e le a s e  o f  NH^-N exceeds th e  
c a p a c ity  o f  crop  o r  s o i l  to  absorb  i t ,  c o n tro l le d - r e le a s e  source's may 
be expec ted  to  re d u c e , b u t n o t e n t i r e ly  e l im in a te , lo s s e s  o f  N by 
t h i s  ro u te  (2 ) .
A ll so lu b le  n itro g e n  f e r t i l i z e r s  a re  n i t r a t e s  o r  a re  u re a  and 
ammonium forms t h a t  can be r a p id ly  co n v erted  to  n i t r a t e  by s o i l  
o rg an ism s. N i t r a te s  le a c h  re a d ily , from most s o i l s ,  p ro v id ed  la rg e  
amounts o f  w a ter a ls o  pass th ro u g h  th e  s o i l  p r o f i l e .  Once n i t r a t e s  
move beyond crop r o o ts ,  th e y  a re  no lo n g e r a v a ila b le  to  th e  crop  and 
may c o n tr ib u te  to  p o l lu t io n  o f  th e  d ra in ag e  w a te r , s tre am s , and la k e s  
(2 ,3 ,3 3 )*  The same i s  t r u e  f o r  po tassium  in  c e r ta in  a c id  s o i l s  w ith  
low exchange c a p a c ity  acco rd in g  to  A llen  and Mays ( 2 ,3 ) .  In  most 
a g r i c u l tu r a l  s o i l s ,  le a c h in g  o f  po tassium  i s  n o t co n sid e red  a 
s e r io u s  problem . They (2 ,3 )  f u r th e r  n o ted  t h a t  c o n tro l le d - r e le a s e  
f e r t i l i z e r s  may reduce  le a c h in g  lo s s e s ,  s in c e  t h a t  p o r t io n  o f  t o t a l  
n i tro g e n  o r  po tassium  n o t y e t  d is so lv e d  when heavy r a in s  come i s  no t
s u b je c t  to  le a c h in g . Under a p p ro p r ia te  c o n d itio n s , th e  n u t r i e n t  
th u s  saved may be r e f l e c te d  in  in c re a se d  c rop  grow th.
B arron (7*6) m ain ta in s  t h a t  i f  one s tu d ie s  a  la rg e  number o f  con­
v e n t io n a l  f e r t i l i z e r  programs in  common use f o r  v a r io u s  o rnam ental and 
h o r t i c u l t u r a l  c ro p s , he can o n ly  conclude t h a t  c o n v en tio n a l f e r t i l i z e r  
program s a re  g e n e ra lly  i n e f f i c i e n t ,  w a s te fu l , and more expensive th a n  
i s  commonly re c o g n ize d . In  y e a rs  gone by, many growers o f  o rnam ental 
p la n ts  have tu rn e d  to  f e r t i l i z e r  programs based  on th e  a p p l ic a t io n  o f  
c o n v en tio n a l s o lu b le  f e r t i l i z e r s  a p p lie d  in  th e  i r r i g a t i o n  w a ter in  
o rd e r  to  do away w ith  th e  la b o r  o f  f re q u e n t hand a p p l ic a t io n s  o f  d ry  
f e r t i l i z e r s *  While such l i q u id  fe e d  f e r t i l i z e r  program s save on 
la b o r ,  th e y  a re  v e ry  w a s te fu l in  te rm s o f  f e r t i l i z e r  e f f ic ie n c y  (7 *6 ) .  
S tu d ie s  (7 ,8 )  have shown t h a t  many co n ta iner-g row n  woody ornam ental 
n u r s e r ie s  u s in g  c o n s ta n t l iq u id - f e e d  f e r t i l i z e r  programs a re  ap p ly in g  
150 to  200 ppm n itro g e n  in  th e  w a te r , and, w ith  overhead  s p r in k le r  
i r r i g a t i o n  system s, th e  w a ter a p p lie d  w i l l  range from 5 to  12 a c r e -  
f e e t  p e r  y e a r .  This means th a t  w ith  such system s from 2040 to  652S 
l b s .  o f  n i tro g e n  p e r a c re  a re  b e in g  a p p lie d  a n n u a lly . Y et, v a r io u s  
e s tim a te s  o f  n i tro g e n  up take  by ornam ental p lan ts- in d ic a te  t h a t  on ly  
200 to  600 l b s .  p e r  ac re  i s  tak en  up by th e  p la n ts  a n n u a lly . Obvious­
l y ,  much more i s  be ing  a p p lie d  th a n  i s  b e in g  u t i l i z e d  by th e  p la n ts .
B arron (7 ,8 )  f u r th e r  concluded th a t  i f ,  in  a g iv en  c o n ta in e r -  
grown c ro p , 5000 l b s .  o f  n i tro g e n  p e r  a c re  were a p p lie d  an n u a lly  and 
o n ly  300 l b s .  ta k e n  up by th e  p la n t s ,  th e  f e r t i l i z e r  e f f ic ie n c y  would 
be o n ly  6$ .  This means one would be buying 16*7 l b s .  n itro g e n  to  
o b ta in  th e  use o f  1 pound. This i s  e q u iv a le n t to  th e  purchase o f  
a lm ost 50 l b s .  o f  ammonium n i t r a t e  o f  which on ly  3 l b s .  were used
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by th e  p la n ts  and th e  rem ain ing  47 l b s .  d is c a rd e d . I t  i s  ap p aren t 
from B a rro n 's  ( 7 ,S) c a lc u la t io n s  t h a t  w h ile  th e  c o s t p e r  pound o f con­
v e n t io n a l  f e r t i l i z e r s  might be cheap, th e  w aste f a c to r s  in v o lv ed  
p re s e n t  a  much more c o s t ly  f e r t i l i z e r  program p e r  u n i t  o f  p ro d u c tio n  
th a n  most peop le  a re  aw are. S lo w -re lea se  f e r t i l i z e r s  o f f e r  p o te n t i a l  
means o f  red u c in g  such  lo s s e s ,  im proving th e  f e r t i l i z e r  e f f ic ie n c y ,  
and d e c re a s in g  th e  f e r t i l i z e r  c o s t p e r u n i t  o f  p ro d u c tio n .
A side from f e r t i l i z e r  e f f ic ie n c y , c o n s id e ra tio n  shou ld  a lso  be 
g iv en  to  th e  f a c t  t h a t  ex cesses  o f  f e r t i l i z e r s  can have d e tr im e n ta l  
e f f e c t s  on th e  growing media and on p la n t  grow th. B arron (7 ,8 )  empha­
s iz e s  th e  p r in c ip a l  g o a l o f  f e r t i l i z i n g  p la n ts  i s  to  ach ieve  optimum 
grow th o r  y ie ld s ,  b u t i f  a g iven  f e r t i l i z e r  program has harm ful 
e f f e c t s  to  any d eg ree , o p tim iz a tio n  o f  crop  r e s u l t s  i s  th e n  n o t 
p o s s ib le .  B arron (7 ,8 )  has re p o r te d  th e  fo llo w in g  mechanisms th ro u g h  
which ex cesses  o f  f e r t i l i z e r s  can impose harm ful e f f e c t s .
S a l i n i t y ; F e r t i l i z e r  s a l t s  c o n tr ib u te  to  th e  
s a l i n i t y  o f  i r r i g a t i o n  w ater and th e  s o i l  s o lu t io n .
A ll a re  aware o f  s a l i n i t y  problem s where p la n ts  a re  
s e r io u s ly  in ju r e d  from h igh  le v e l s  o f  s o lu b le  s a l t s ,  
b u t c o n s id e ra tio n  shou ld  a lso  be g iven  to  th e  f a c t  t h a t  
even m oderate ex cesses  o f  s a l i n i t y  can reduce  th e  evapo- 
t r a n s p i r a t io n  r a t e s  and th e re b y  grow th r a t e s  o f  p la n t s .
The more f e r t i l i z e r  a p p lie d  in  e x ce ss , th e  g r e a te r  th e  
r i s k  o f  d e tr im e n ta l  s a l i n i t y  e f f e c t s .  For in s ta n c e ,  a 
commonly used  l iq u id - f e e d  program o f  200 ppm each  o f  
n i tro g e n  and po tassium  c h lo r id e  w i l l  produce a conduc­
t i v i t y  o r  s a l i n i t y  l e v e l  in  d i s t i l l e d  w ater o f  about
1.7* This s a l i n i t y  l e v e l  superim posed on th e  n a tu r a l  
s a l i n i t y  o f  mapy i r r i g a t i o n  w a ters  could  be s u f f i c i e n t  
to  produce t o t a l  s a l i n i t y  le v e l s  which cou ld  r e s t r i c t  
grow th o f  v a r io u s  p la n t  m a te r ia ls .  I r r i g a t i o n  w aters  
w ith  c o n d u c tiv ity  re a d in g s  about 1 .5  a re  g e n e ra l ly  con­
s id e re d  poor in  q u a l i ty  f o r  most o rnam en tal p la n t s .  Y et, 
a  good many o rnam en ta l grow ers u s in g  l i q u id  fe e d  programs 
a re  develop ing  s a l i n i t y  l e v e l s  in  t h i s  range from th e  con­
c e n tr a t io n s  o f  f e r t i l i z e r s  u sed .
S o i l  a c i d i t y ; Many c o n v en tio n a l f e r t i l i z e r  so u rces  
have a  p o te n t i a l  e f f e c t  on s o i l  r e a c t io n  o r  pH. Most 
common n itro g e n  so u rces  have an a c id ic  e f f e c t  on s o i l  
r e a c t io n  and th e  m agnitude o f  t h i s  e f f e c t  i s  g e n e ra lly  
ex p ressed  f o r  each  n itro g e n  so u rce  in  term s o f  th e  pounds 
o f  calcium  carb o n ate  (lim es to n e ) which would be re q u ire d  
to  c o u n te ra c t th e  p o te n t i a l  a c id i ty .  For example, one 
pound o f  n i tro g e n  from ammonium n i t r a t e  has a  p o te n t ia l  
a c id i ty  e q u iv a le n t o f  1 .8  l b s .  o f  calcium  carb o n ate  lim e . 
When one c a lc u la te s  th e  p o te n t i a l  a c id i ty  p o s s ib le  from 
v a r io u s  co n v en tio n a l o rnam ental program s, e s p e c ia l ly  f o r  
lo n g -te rm  c ro p s , i t  can be seen  t h i s  e f f e c t  can be sub­
s t a n t i a l .  More e f f i c i e n t  f e r t i l i z e r  program s, r e q u ir in g  
low er r a t e s  o f  n itro g e n  would h e lp  minim ize t h i s  p o te n t ia l  
problem .
S p e c if ic  io n  e f f e c t s ; C e r ta in  p la n t  n u t r i e n t  io n s , 
as w e ll as o th e r  n o n -n u tr ie n t io n s , can produce u n d e s ir­
ab le  e f f e c t s  on p la n t  grow th, e s p e c ia l ly  when a p p lie d  in
ex cessiv e  amounts. Examples in c lu d e : l )  Ammonium n i t r o ­
gen source a t  low le v e l s ,  i s  to x ic  in  excess amountso 
Ammonium to x ic i ty  problems a re  d i f f i c u l t  to  re s e a rc h  and 
to  e v a lu a te , b u t many f e r t i l i z e r  in ju ry  problems have 
appeared to  r e s u l t  from th e  mechanism r a th e r  th a n  to  th e  
b e t t e r  understood  problems r e la t in g  to  s a l i n i t y ;  2) Excess 
phosphate ions te n d  to  reduce th e  a v a i l a b i l i ty  to  p la n ts  
o f  c e r ta in  t r a c e  e lem en ts, such as iro n ; 3 ) High amounts 
o f  potassium  decreased  th e  uptake o f  calcium  and mag­
nesium . The re v e rse  i s  a lso  g e n e ra lly  t r u e ;  4) High 
amounts o f  c h lo r id e s  may develop , such as might be 
d e riv ed  from th e  use o f  potassium  so u rce , which i s  
r a th e r  common p r a c t ic e .
A number o f  o th e r  r e la t io n s h ip s  and in te r a c t io n s  
occur between chem ical ions whereby excesses o f  one can 
a f f e c t  a n o th e r . To reduce th e  r i s k s  o f  such e f f e c t s ,  i t  
i s  im portan t t h a t  f e r t i l i z e r  programs p rov ide  s u f f ic ie n t  
n u t r ie n ts  to  adequate ly  fe ed  p la n ts  w ithou t s u b s ta n t ia l  
e x ce sse s . Improved f e r t i l i z e r  e f f ic ie n c ie s  from slow - 
re le a s e  f e r t i l i z e r s  o f f e r  improvement in  t h i s  a re a .
C o n trib u tio n  to  p o l lu t io n : I n e f f i c i e n t  f e r t i l i z e r
programs c o n tr ib u te  to  p o l lu t io n  problems p r in c ip a l ly  
th rough  th e  lo s s  o f  so lu b le  f e r t i l i z e r  s a l t s  by le a c h ­
in g  and th i s , s a y s  Barron (8 ,9 ) , can be a s u b s ta n t ia l  
f a c to r .  In  th e  p rev ious example where 5000 lb s .  o f  
n itro g e n  p er acre  i s  ap p lie d  annually  and only  300 lb s .
o f  t h i s  n itro g e n  i s  ta k en  up by th e  p la n t s ,  th e n  
4700 lb s ,  N which i s  e q u iv a le n t to  over 14,000 lb s ,  
o f  ammonium n i t r a t e  p e r  a c re , i s  be ing  l o s t  to  th e  
environm ent excep t f o r  t h a t  p o r t io n  which would be 
r e ta in e d  in  th e  s o i l  n itro g e n  c y c le .
I t  i s  now ap p a ren t, i n  some a re a s  o f  th e  U nited 
S ta te s ,  government re g u la t io n s  a re  in  th e  fo rm ativ e  
s ta g e  which w i l l  r e s t r i c t  such a d d itio n s  to  ru n o ff  
and ground w a te rs . When such re g u la t io n s  come in to  
b e in g , maximum e f f ic ie n c y  in  f e r t i l i z a t i o n s  w i l l  
become n e c e ssa ry  and s lo w -re le a se  f e r t i l i z e r s  can be 
h e lp fu l  w ith  t h i s  problem .
C onsiderab le  p o te n t ia l  e x i s t s  f o r  c o n tr o l le d - r e le a s e  so u rces  o f  
n i tro g e n  and potassium  w hile  s im i la r  phosphorus so u rces  may n o t be 
b e n e f i c i a l .  With t h i s  in  mind, how can more e f f e c t iv e  c o n tro l le d -  
r e le a s e  f e r t i l i z e r s  be developed? A llen  and Mays (2) su g g es t th re e  
common ro u te s  t h a t  a re  a v a i la b le ,  th e y  in c lu d e :
l )  b io d e g ra d a tio n  o f  o rg a n ic  compounds y ie ld in g  
so lu b le  n i tro g e n  (u rea -fo rm aldehyde , UF). U rea- 
form aldehyde; Ureaforms (u rea-fo rm aldehyde) as 
d e fin e d  by B arron (8 ) ,  a re  s y n th e t iz e d  n o n p ro te in , 
s lo w -re le a se  so u rces  o f  n i tro g e n  produced by th e  
p o ly m e riz a tio n  r e a c t io n s  o f  u re a  w ith  form aldehyde 
and u s u a lly  c o n ta in  38$ ammoniacal n i t ro g e n . These 
p ro d u c ts  a re  composed o f  com binations o f  v a r io u s  
p ro p o r tio n s  o f  m ethylene u rea s  o f  v a ry in g  m olecu lar 
w e ig h ts . The low er th e  w a te r -so lu b le  low m olecu lar
w eight polym ers and th e  h ig h e r th e  w a te r - in s o lu b le  
h ig h e r m o lecu lar w eight polym ers c o n ta in ed , th e  
slow er th e  r e le a s e  r a t e  and th e  lo n g e r th e  d e v ia t io n  
o f  n itro g e n  r e le a s e .
B arron (8) f u r th e r  s t a t e s  t h a t  n i tro g e n  from u re a -  
form p ro d u c ts  i s  made a v a i la b le  to  p la n ts  th rough  
th e  a c t io n  o f  s o i l  m icrobes on th e  compounds. Any 
s o i l  f a c to r s  which in f lu e n c e  th e  degree o f  b a c t e r i a l  
a c t i v i t y  such as m o is tu re , te m p e ra tu re , and s o i l  pH 
w i l l  a lso  a f f e c t  th e  r a t e  o f  r e le a s e  from ureafo rm . 
Sm aller p a r t i c l e  s iz e s  o f  ureaform  re le a s e  more 
r a p id ly  th a n  la r g e r  s i z e s ,  presum ably due to  th e  
g re a te r  s u r fa c e  a re a  exposure to  b a c t e r i a l  a c t i v i t y .
U rea-form aldehyde acco rd in g  to  B arron (8) i s  
w idely  m arketed and used f o r  t u r f ,  n u rse ry  and 
ornam ental h o r t i c u l tu r a l  u se s . These p ro d u c ts , as 
now produced, p ro v id e  approx im ate ly  o n e - th ird  o f  
t h e i r  t o t a l  n i tro g e n  as co ld -w a te r s o lu b le  forms 
which a re  a v a i la b le  soon a f t e r  a p p l ic a t io n .  Another 
o n e - th ird  o f  th e  n i tro g e n  e x is t s  as h o t-w a te r  so lu b le  
m olecules and t h i s  f r a c t io n  i s  r e le a s e d  over about a fo u r 
to  s ix  month p e r io d  by b a c t e r i a l  a c t io n .  The rem ain­
ing  o n e - th ird  o f  th e  n itro g e n  i s  from h o t-w a te r  in s o l ­
u b le , complex m olecu les which re le a s e  v e ry  s lo w ly  over a 
p e r io d  o f  many m onths. T h e ir r e le a s e  c h a r a c te r i s t i c s  
make ureaform  more s u i ta b le  f o r  perm anent p la n t in g s ,  
such as t u r f , w ith  co m parative ly  h ig h  n itro g e n
req u irem en ts  soon a f t e r  a p p l ic a t io n  (8 ) .
2)  p re p a ra t io n  o f  compounds low in  w ater s o l u b i l i t y  
w hich y ie ld  a v a i la b le  n i tro g e n  upon d is s o lu t io n  and 
h y d ro ly s is  o f  g ra n u le s  ( is o b u ty lid e n e  d iu re a , IBDU). 
Iso b u ty lid e n e  d iu re a  (IBDU): T his i s  a co n d ensa tion  
p ro d u c t o f  u re a  and iso -b u ty a ld e h y d e , w ith  an ammonia- 
c a l  n i tro g e n  c o n ten t o f  about 31$  ( 8 ) .  The s lo w -re le a se  
mechanism i s  o b ta in e d  th ro u g h  th e  s lo w - s o lu b i l i ty  o f  th e  
compound w hich, in  s o lu t io n ,  h y d ro lyzes to  u re a  and i s o -  
b u ty ra ld e h y d e . B arron  (8 ) r e p o r ts  t h a t  v a r ia t io n s  in  
r e le a s e  r a t e s  o f  t h i s  m a te r ia l  a re  p o s s ib le  by s e le c t io n  
o f  p a r t i c l e  s i z e ,  by r e g u la t in g  th e  ha rd n ess  o f  th e  g ran­
u le s ,  and by a d ju s t in g  th e  pH o f  th e  f in i s h e d  p ro d u c t when 
i t  i s  used  in  a compound f e r t i l i z e r .  E x te rn a l f a c to r s  
which appear to  have s ig n i f i c a n t  e f f e c t s  in  r e g u la t in g  th e  
r a t e  o f  r e le a s e  in c lu d e  s o i l  te m p e ra tu re , s o i l  m o is tu re  
reg im es, and s o i l  pH. IBDU i s  produced in  Japan . Barron 
(8) f u r th e r  adds t h a t  th e s e  IBDU p ro d u c ts , as th e y  a re  now 
m arketed , a re  r e p o r te d  to  r e le a s e  n i tro g e n  q u i te  s low ly  f o r  
th e  f i r s t  th r e e  to  fo u r  weeks w ith  lo n g e v ity  o f  tw elve  to  
tw e n ty -e ig h t weeks depending on s o i l  f a c to r s  in v o lv ed  and 
p a r t i c l e  s iz e  o f  th e  product}
3) c o a tin g  o f  s o lu b le  so u rces  to  y ie ld  c o n tr o l le d - r e le a s e  
n i tro g e n  by d e g ra d a tio n  o f  th e  c o a tin g s  an d /o r d i f f u s io n  
o f  s o lu b le  n i t ro g e n  th ro u g h  p o res  in  th e  c o a tin g  (Osmocote, 
s u lfu r - c o a te d  u re a , SOU).
A llen  and Mays (2) re p o r t  t h a t  one type  o f  coated  
c o n tro l le d - re le a s e  f e r t i l i z e r  i s  produced by th e  Osmocote 
p rocess which in v o lves th e  a p p lic a t io n  o f  m u ltip le , p l a s t i c  
polymer co a tin g s  to  p r i l l s  o f  v a rio u s  w a te r-so lu b le  f e r t i l i ­
z e r  s u b s t r a te s .  The r a te  o f  n u t r i e n t  r e le a s e  and th e  
le n g th  o f  l i f e  o f  such fo rm u la tio n s  can be c o n tro l le d  over 
a wide range by th e  use o f  v a r io u s  ty p es  and th ic k n e sse s  
o f  co a tin g s  w hich, w ith  a wide s e le c t io n  o f  f e r t i l i z e r  
sources th a t  can be co a ted , p re se n ts  th e  f l e x i b i l i t y  to  
produce numerous c o n tro l le d - re le a s e  f e r t i l i z e r  fo rm ula tions 
w ith  v a r ie d  n u t r i e n t - r e l e a s e  p a t te r n s ,  n u t r ie n t  so u rces , 
and p la n t- fo o d  r a t i o s .  These can meet th e  known o r  e s t i ­
mated requ irem en ts  o f a range o f  p la n t  and s o i l  r e q u ire ­
m ents. B lending o f  v a rio u s  coated  Osmocote m a te r ia ls  in  
any p ro p o rtio n s  o f f e r  a d d it io n a l  f l e x i b i l i t y  in  form ula­
t in g  p roducts w ith  s p e c if ic  c h a r a c te r i s t i c s .
A llen  and Mays (2) have p o in te d  o u t t h a t  when such 
coated  f e r t i l i z e r s  a re  p laced  in  c o n tac t w ith  m o is tu re , 
w ater e n te rs  th rough  th e  co a tin g  and d is so lv e s  th e  so lu b le  
s u b s tr a te  co re . N u tr ie n ts  in  s o lu t io n  d if fu s e  outward 
th rough  th e  membrane in to  th e  s o i l  s o lu t io n  where th ey  
become a v a ila b le  fo r  uptake by p la n ts .  There i s  no e v i­
dence o f  d eg rad a tio n  o f  th e  co a tin g  during  th e  re le a s e  
p e rio d  and d e te r io r a t io n  o f  th e  c o a tin g  i s  n o t a  c au sa tiv e  
f a c to r  in  r e le a s e  o f  n u t r i e n t s .
A ccording to  Hansen and Farnham (2 2 ) t among th e  p ro p e r t ie s  sought 
in  p ro p e rly  co a ted  g ra n u la r  f e r t i l i z e r s  a r e ,  o f  c o u rse , th e  slow 
re le a s e  o f  p la n t  n u t r i e n t s  to  th e  s o i l ,  no n -cak in g , n o n -d u s tin g , non- 
c o rro s iv e n e s s , good packaging  s t a b i l i t y  and good a p p l ic a t io n  ch arac ­
t e r i s t i c s .  As a  r e s u l t  o f  t h i s  re s e a rc h  by th e  f e r t i l i z e r  in d u s try ,  
numerous p a te n ts  have been is su e d  on p ro c e sse s  o r  methods to  overcome 
cak in g , d u s t in g , and to  improve s to ra g e  by th e  a d d it io n  o f  d i f f e r e n t  
m a te r ia ls .  O ther p a te n ts  have been is s u e d  d e s c r ib in g  methods o f  
o b ta in in g  s lo w -re le a se  o f  p la n t  n u t r i e n ts  and brace e lem ents by co a t­
in g  th e s e  g ranu lars- w ith  m a te r ia l  such as waxes, p i tc h e s ,  a s p h a l ts ,  
and in  s o lu b i l i z in g  film -fo rm in g  m a te r ia ls  and re s in o u s  b in d e rs  (22) .
Tennessee V a lley  A u th o r i ty 's  N a tio n a l F e r t i l i z e r  Development 
C en ter ( 46) has been  in te r e s t e d  in  slow o r  c o n tr o l le d - r e le a s e  f e r t i ­
l i z e r s  f o r  many y e a r s .  A number o f  o rg an ic  n i tro g e n  compounds were 
s tu d ie d  i n i t i a l l y  in  th e  la b o ra to ry  and g reenhouse . Some proved to  be 
r e a d i ly  a v a i la b le ,  some slow ly  a v a i la b le ,  some i n e r t  as a  f e r t i l i z e r ,  
and some a c tu a l ly  to x ic  to  p la n t s .  Among th o se  showing prom ise a t  TVA 
(46) as a  s lo w -re le a se  f e r t i l i z e r  were oxamide, g ly c o u r i l ,  cy an u ric  
a c id ,  ammeline, and ammeli.de. Because no p r a c t i c a l  o r  econom ical 
p ro cess  has been d e v ise d , none o f  th e s e  m a te r ia ls  have been manufac­
tu re d  com m ercially  f o r  use  as a  f e r t i l i z e r .
A f te r  t h i s  e a r ly  e x p e r ie n c e , em phasis o f  TVA re s e a rc h  and 
developm ent work (46) s h i f t e d  to  th e  a p p l ic a t io n  o f  c o a tin g s  to  con­
v e n tio n a l  f e r t i l i z e r  g ra n u le s . The advantage o f  c o a tin g  co n v en tio n a l 
f e r t i l i z e r s  w ith  slow ly s o lu b le  m a te r ia l  i s  t h a t  lo w -c o s t, r e a d i ly  
a v a i la b le  f e r t i l i z e r s  can be used (46)•
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A ccording to  re s e a rc h e rs  (31 |38)»  s u l f u r  i s  co n sid e red  a 
p rom ising  co a tin g  agen t f o r  s e v e ra l  re a so n s . I t  i s  inex p en siv e  
as compared w ith  polym eric m a te r ia ls  such as p o ly e th y le n e , po ly­
u re th a n e , o r  n a tu r a l  r e s in s .  Cost e s tim a te s  have in d ic a te d  th a t  
s u lfu r - c o a te d  u re a  (SCU) can be produced f o r  about o n e - th ird  more 
p e r  u n i t  o f  n itro g e n  th a n  s t r a ig h t  u re a . T h is /S h ir le y  and M eline 
(43) c a lc u la te ,  would be much cheaper th a n  o th e r  c o n tro l le d - r e le a s e  
p ro d u c ts  now m arketed such  as u rea-form aldehyde o r  is o b u ty lid e n e  
d iu re a .  I t  i s  e a s i ly  hand led  in  th e  m olten s t a t e  u sed  in  co a tin g  
g ran u le s  o r  p r i l l s .  A lso , SCU may have r e s id u a l  v a lu e  on s u l f u r -  
d e f ic ie n t  s o i l s ,  a lth o u g h , f o r  in -y e a r  e f f e c t iv e n e s s ,  f in e ly  d iv id ed  
m a te r ia l  g e n e ra lly  i s  recommended by re s e a rc h e rs  (33»36).
Experim ents conducted a t  TVA ( 41) have shown th a t  SCU has 
s e v e ra l  p h y s ic a l  advantages over co n v en tio n a l n i tro g e n  f e r t i l i z e r s .
I t  i s  r e s i s t a n t  to  caking  in  humid c o n d itio n s . Uncoated u re a  must be 
p ro te c te d  from cak ing  w ith  i t s e l f  by th e  in c o rp o ra tio n  o f  form alde­
hyde o r  th e  a p p l ic a t io n  on th e  s o l id  g ran u le s  o f  a p a r t in g  ag en t, 
such as a k a o l in i te  c la y . Sometimes even th e s e  p re c a u tio n s  a re  n o t 
e f f e c t iv e  enough to  p rev en t cak in g . S u lfu r -c o a tin g  g r e a t ly  reduces 
th e  m o is tu re  a b so rp tio n  from atm ospheres which exceed th e  c r i t i c a l  
r e l a t i v e  hum idity  o f  u re a  (75$ a t  8 6 ° f ) . For exam ple, when exposed 
to  90°F and 90fo r e l a t i v e  hum id ity , SCU w ith  18$ t o t a l  co a tin g  and a  
d i s s o lu t io n  r a t e  o f  21$ absorbed  m o is tu re  a t  o n ly  o n e -s ix th  th e  r a t e  
o f  com m ercial u rea s  w ith  o r  w ith o u t c la y  c o a tin g s . The SCU product 
was lo o se  and th e  g ran u le s  i n t a c t ;  w hereas, th e  commercial p ro d u c ts  
were caked and th e  g ran u le s  d is in te g r a te d  (4 l)«
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Caking in  s to ra g e  does n o t appear to  be a  problem w ith  SCU, 
acco rd ing  to  TVA re s e a rc h e r s  (4 l)»  The m a te r ia l  has e s s e n t i a l ly  
rem ained f r e e  o f  lumps i n  s ix  to  n in e  month t e s t s  under p re s su re s  
norm ally  enco u n te red  in  bag s ta c k s  o r  b u lk  p i l e s .  T ests  a t  TVA (41) 
have a lso  shown t h a t  th e  s u l f u r  c o a tin g s  a re  s u f f i c i e n t l y  d u rab le  to  
r e s i s t  d e te r io r a t io n  d u rin g  h an d lin g  in  b ag s , conveying equipm ent 
and f e r t i l i z e r  d r i l l s *  However, w ith  some fa n - ty p e  sp re ad e rs  o p e ra ted  
a t  h ig h  fa n  sp eed s , g ran u le  b reakages have o ccu red . This a lso  occu rs  
w ith  uncoated  u re a  under s im i la r  c o n d itio n s  (41) .
S h ir le y  and M eline (43) d isco v e red  t h a t  SCU i s  com patib le  w ith  
o th e r  f e r t i l i z e r s  such as superphosphates  and may be u sed  in  a w ider 
range o f  b lend  fo rm u la tio n s  th a n  uncoated  u re a  which i s  n o t compat­
ib le  w ith  su p erp h o sp h a te s.
Work done a t  TVA (4 l)  has shown commercial u reas  norma l ly  r e a c t  
when mixed w ith  t r i p l e  superphosphate  (TSP), form ing a s t ic k y  d e l i ­
qu escen t m ass. W ater o f  h y d ra tio n  i s  r e le a s e d  from monocalcium 
phosphate  when urea-m onocalcium  phosphate  i s  form ed. This re n d e rs  
i t  im p ra c tic a l  to  s to r e  m ix tu res  o f  u re a  and TSP. SCU, however, i s  
com patib le  w ith  TSP and b len d s can be s to re d  in  bags o r  b u lk  fo r  
ex tended  p e rio d s  o f  tim e (4 l)*
TVA (41) a ls o  found t h a t  c o m p a tib i l i ty  w ith  TSP can be ach ieved  
w ith  a  sm a lle r  amount o f  s u l f u r  c o a tin g , i f  c o n tro l le d  r e le a s e  o f  
n i tro g e n  i s  n o t re q u ire d .  A c o a tin g  o f  3 -4 $  s u l f u r  fo llo w ed  by 0 .5 $  
o f  an o il-w ax  c o a tin g  y ie ld s  a p ro d u c t w hich can be mixed w ith  TSP 
and s to re d  w ith o u t d e te r io r a t io n .  TVA (41) re p o r te d  s im i la r  r e s u l t s
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can be ach ieved  w ith  a c o a tin g  o f  7f° s t r a i g h t  s u l f u r ,  w ith o u t 
o i l  o r  wax.
TVA (4 l)  q u ick ly  adds t h a t  w h ile  th e s e  p ro d u c ts  do n o t have 
c o n tr o l le d - r e le a s e  p r o p e r t ie s ,  th e y  have th e  advan tages o f  making 
th e  u re a  a n tic a k in g , d u s t - f r e e ,  hum id ity  r e s i s t a n t  and com patib le  
w ith  TSP. N itrogen  lo s s  when b ro a d c a s t i s  a lso  low er th a n  w ith  
uncoated  u re a . A lso , th e  s u l f u r  c o a tin g  p ro v id es  p la n t  n u t r i e n t  
s u l f u r .
TVA (41) n o te s  w ith  i n t e r e s t  t h a t  n e i th e r  comm ercial u rea  
t r e a t e d  on ly  w ith  w ax -o il no r urea-form aldehyde p ro d u c ts  a re  compat­
ib le  w ith  TSP. S u lfu r -c o a tin g  appears un ique in  ach iev in g  t h i s  
c o m p a t ib i l i ty .
As re p o r te d  by M cC lellan and Scheib (3 3 ) , u re a , was
s e le c te d  as th e  most a t t r a c t i v e  n i tro g e n  compound to  be co a ted  on th e  
b a s is  o f  c o s t ,  commercial a v a i l a b i l i t y ,  and i t s  h igh  n u t r i e n t  c o n te n t . 
In  th e  pure s t a t e ,  u re a  co n ta in s  46 . 6 7 n itr o g e n , making i t  th e  most 
c o n c e n tra te d  s o l id  n i tro g e n  f e r t i l i z e r  e x te n s iv e ly  produced (42 , 43 ) .  
F u r th e r ,  acco rd in g  to  S h ir le y  and M eline (4 2 ,4 3 )1 u re a  can be manu­
f a c tu re d  econom ically  and has dem onstrated  i t s e l f  to  be a good 
so u rce  o f  n itro g e n  f o r  many p la n t s ,  g r a s s e s ,  and t r e e s .  I t  i s  becom­
in g  th e  w o r ld 's  le a d in g  n i tro g e n  f e r t i l i z e r .  When u re a  has been 
p ro p e r ly  s u l fu r - c o a te d ,  agronom ists  have found t h a t  i t  p o sse sse s  
some s ig n i f i c a n t  advantages over more co n v en tio n a l f e r t i l i z e r s  when 
used  w ith  c e r ta in  crops o r  in  c e r ta in  c l im a tic  o r  s o i l  c o n d itio n s .
In  f i e l d  t e s t s ,  r i c e ,  su g arcan e , p in e a p p le , and fo rag e  crops a re  
among th o se  crops f o r  which s u lfu r - c o a te d  u re a  shows advantages as
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compared w ith  uncoated  u re a  o r  ammonium n i t r a t e  (43)*
J a r r e l l  and Boersma (26) p o in t o u t t h a t  u re a  i s  r e le a s e d  from 
th e  g ran u le s  upon e ro s io n  o f  th e  c o a tin g . The p a t te r n  o f  r e le a s e  
o b ta in e d  from a g iven  l o t  o f  SCU i s  determ ined  by th e  r a t e  o f  formu­
l a t i o n  o f  openings in  th e  s h e l ls ' and th e  r a t e  o f  d i f f u s io n  o f  u re a  
th ro u g h  th e  o p en in g s.
M cC lellan and Scheib (33) have proposed  s e v e ra l  mechanisms fo r  
th e  e ro s io n  o f  SCU c o a tin g s  in  s o i l .  Lunt (32) su g g es ted  t h a t  th e
wax s e a la n t  may be absorbed  by s o i l  p a r t i c l e s ,  th u s  opening pathways
f o r  r e l e a s e .  Scheib and M cC lellan (39) s t a t e  t h a t  i t  i s  a lso  p o s s ib le  
t h a t  g rad u a l co n version  o f po lym eric , amorphous S to  th e  c r y s t a l l i n e  
form r e s u l t s  in  c rack in g  o f  th e  S s h e l l .  A t h i r d  mechanism, which i s  
th e  most commonly proposed , su g g es ts  t h a t  m icroorganism s d ig e s t  th e  
c o a tin g  m a te r ia ls  and e v e n tu a lly  expose th e  u re a  to  w a ter (3 3 ) . 
M cC lellan and Scheib (33) p ropose t h a t  th e  breakdown o f  c o a tin g s  i s  
a f f e c te d  by one o f  s e v e ra l  f a c to r s :
T em perature; A ccording to  J a r r e l l  and Boersma, 
tem p era tu re  a f f e c t s  th e  r a t e  o f  d e g ra d a tio n  o f  th e
c o a tin g s  as w e ll as th e  r a t e  a t  which u re a  d if f u s e s
o u t o f  th e  g ra n u le s . O e r t l i  (35) m easured th e  r a t e  
o f  r e le a s e  o f  u re a  by g ran u les  o f  SCU in  n u t r i e n t  s a l t  
s o lu t io n s  a t  th re e  te m p e ra tu re s . The s a l t s  were 
in c lu d ed  to  p rov ide  adequate  m in e ra l n u t r i t i o n  f o r  
th e  m icrobes. R e lea se  r a t e s  in c re a s e d  w ith  in c re a s ­
in g  tem p era tu re  from 14** to  34° C. Almost no r e le a s e
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was observed  from i n i t i a l l y  i n t a c t  g ran n ie s  a t  14 C over 
th e  12-week course  o f  th e  ex perim en t. G ranules in  non- 
s t e r i l e  environm ent a t  34°C r e le a s e d  a l l  o f  th e  u re a  
w ith in  75 days.
A llen  e t  a l .  ( l )  m easured r a te s  o f  r e le a s e  o f 
u re a  by two SCU m a te r ia ls  in c o rp o ra te d  in to  s o i l .  S o i l  
tem p e ra tu res  were m ain ta in ed  a t  10, 20, o r  30° C f o r  16 
weeks. R elease  r a t e s  were v e ry  s e n s i t iv e  to  tem pera­
t u r e .  Both m a te r ia ls  r e le a s e d  100$ o f  th e  u re a  w ith in  
2-5 weeks a t  30oC, w hile  on ly  60- 75$  was r e le a s e d  a f t e r  
16 weeks a t  10°C.
In  o th e r  s tu d ie s ,  Dawson and A kra tanaku l (13)
in c o rp o ra te d  SCU in to  s o i l  and m easured r e le a s e  o f
u re a  from g ran u le s  a t  1 , 24, and 32°C. A f te r  21 days,
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th e  32 C tre a tm e n t had r e le a s e d  th e  most u re a .  Snyder 
and Gascho (45) m easured r e le a s e  o f  u re a  by two SCU 
m a te r ia ls  in  f i e l d  s tu d ie s .  One s e t  o f  s tu d ie s  was 
i n i t i a t e d  in  J u ly  and a second in  Jan u a ry . They found 
th a t  th e  i n i t i a l  r a t e  o f  r e le a s e  was f a s t e r  from 
g ran u le s  a p p lie d  in  J u ly  b u t t h a t  s ix  months a f t e r  
a p p l ic a t io n ,  th e  J a n u a ry -a p p lie d  m a te r ia ls  had 
r e le a s e d  more u re a . They concluded t h a t  i n t a c t  g ran u le s  
were s ta b le  f o r  a t  l e a s t  th r e e  months under co o l co n d itio n s  
b u t opened r e a d i ly  in  warm s o i l s .  B arron  ( 7 j 8) r e p o r ts  
s tu d ie s  showing warmer s o i l  tem p e ra tu res  in c re a s e  th e  r a t e
o f r e le a s e  from Osmocote and c o o le r  te m p e ra tu res  have th e  
r e v e rs e  e f f e c t .  S o il  tem p e ra tu res  below f r e e z in g  produce 
a tem porary  c e s s a t io n  o f  r e le a s e  w ith o u t in ju r y  to  th e  
c o a tin g ; th e  resum ption  o f  s o i l  tem p e ra tu res  above f r e e z ­
in g  r e a c t iv a te s  th e  r e le a s e  p ro c e s s . Hashimoto and M ullins 
(23 ) ag ree  t h a t  r e le a s e  o f  SCU in c re a se d  m arkedly w ith  
in c re a s e d  te m p e ra tu re .
S o il  w a te r c o n ten t and a e r a t io n ; S o il  w a ter c o n ten t 
and a e r a t io n  in f lu e n c e  r e le a s e  r a t e s  a lth o u g h  Lunt (31 ) 
s p e c u la te d  t h a t  th e  e f f e c t  i s  sm all w ith in  th e  range o f  
s o i l  w a ter c o n te n ts  s u i ta b le  f o r  p la n t  grow th . B arron 
(7 , 8 ) showed t h a t  in te r m i t t e n t ,  m oderate d ry in g  o f  p l a s t i c -  
co a ted  p r i l l s ,  as m ight occur w ith  su r fa c e  a p p l ic a t io n s ,  
reduce  th e  r a t e  o f  r e le a s e  and th e re b y  in c re a s e s  th e  longe­
v i ty  due to  th e  la c k  o f  c o n t in u i ty  o f  m o is tu re  to  cari*y o u t 
th e  r e le a s e  p ro c e ss . Dawson and A kratanaku l (13) m easured 
r e le a s e  o f  n itro g e n  by SCU a t  s o i l  w ater p o te n t ia l s  o f  
-0 .1 0 ,  -0 .3 5 , and - 2 .5  b a rs  a t  s o i l  tem p e ra tu res  o f  16 , 2 4 , 
and 32 Co N itro g en  r e le a s e  was most r a p id  a t  -0 .1 0  b a r
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and 32 Co At low er s o i l  w a ter c o n te n ts  and low er tem pera­
t u r e s ,  l e s s  u re a  was re le a s e d .
L ieg a l and Walsh (30) concluded t h a t  in te r m i t te n t  
w e ttin g  and d ry in g  o f  SCU g ran u le s  in  an i r r i g a t e d  corn  
f i e l d  reduced  r a t e s  o f  r e le a s e  below th e  l e v e l  re q u ire d  
f o r  optimum y i e l d .  When th e  s o i l  was k ep t m o is t,
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w ith  p o ta to e s , L ieg a l and Walsh concluded th a t  SCU must be 
p la ce d  in  a  zone o f  s o i l  which rem ains m oist th ro u g h o u t th e  
growing season  in  o rd e r  f o r  adequate  d is s o lu t io n  o f  n i tro g e n  
from th e  g ran u le  to  occur w ith in  th e  tim e span o f  th e  p o ta to  
growing seaso n .
P rasad  (37) de term ined  th e  e f f e c t s  o f  s o i l  w ater 
c o n ten t on th e  r a t e  o f  r e le a s e  o f  u rea  in  s o i l s  a t  
w a ter c o n ten ts  e q u iv a le n t to  p o te n t ia l s  o f  -0 .0 1 , - 0 . 25 , 
and - 3 .0  barso  In  one s o i l ,  r e le a s e  in c re a se d  w ith  in c re a s ­
in g  s o i l  w a ter c o n te n t . This was t ru e  in  th e  o th e r  s o i l
d u rin g  th e  f i r s t  th r e e  weeks, a f t e r  which th e  - 0 .25  b a r  t r e a t ­
ment r e le a s e d  i t s  u re a  most r a p id ly .  P rasad  d id  n o t e x p la in  
t h i s  r e s u l t .
Giordano and M ortvedt re p o r te d  t h a t  d e p o s its  o f  
fe r ro u s  s u l f id e  (FeS) have been observed  on su r fa c e s  o f 
g ra n u le s  in  flo o d ed  s o i l s .  The FeS c o a tin g  d ecreased  th e  
r a t e  o f  r e le a s e  f a r  below r a te s  in  a e ra te d  s o i l .  The 
au th o rs  su g g es ted  th a t  in ad eq u a te  s o i l  a e r a t io n  may in h ib i t  
th e  a c t i v i t y  o f  w ax-degrading organ ism s, which a re  p r i ­
m a rily  a e ro b ic .
R esearch ers  ( 16 , 27 ) have observed  t h a t  s o i l s  h a rb o r organism s cap­
a b le  o f  growing on hydrocarbons s im i la r  to  th e  s e a la n t  m a te r ia ls ,
a lth o u g h  t h e i r  grow th i s  u s u a lly  slow . Some fu n g i can u t i l i z e  un­
branched  hydrocarbons. A c tinonyce tes (N ocard ia  and S treptom yces) 
can b re a k  down branched  as  w e ll as norm al hydrocarbons. They ( l6 ,
27) f u r th e r  reco g n ize  t h a t  s e v e ra l  genera  o f  b a c te r ia  (C o ry n eb ac te r.
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Pseudomonas) a re  capab le  o f  o x id iz in g  most components o f  pe tro leum , 
in c lu d in g  a rom atic  compounds. Because fu n g i and a c tin o n y c e te s  a re  
d rought t o l e r a n t ,  th e y  a re  more a c t iv e  in  dry  s o i l s  o r  i n te r m i t t e n t ly  
d ry  s o i l s  th a n  a re  th e  b a c te r i a .
E lem en ta l S i s  o x id iz e d  by b o th  a u to tro p h ic  and h e te ro tro p h ic  
organism s, acco rd in g  to  Burns , ( l l ) .  T h io b a c illu s  i s  th e  dominant genus 
o f  a u to tro p h ic  S - o x id iz e rs ,  w ith  members a c t iv e  over a  wide range o f  
s o i l  c o n d it io n s . V i to l in s  and Swaby (4.8) fu rn ish e d  evidence to  show 
th a t  a  few genera  o f  h e te ro tro p h ic  b a c te r i a ,  e .g .  Pseudomonas. and 
actinom ycetes can o x id iz e  e lem en ta l S, a lth o u g h  th e y  do n o t d e r iv e  
energy from t h i s  r e a c t io n .
E a rly  fo rm u la tio n s  o f  SCU in c lu d e d  a  c o a l - t a r  d e r iv a t iv e  m icro­
b io  c id e  in  th e  s e a la n t .  TVA (42 ,43) has s t a t e d  t h a t  i t s  use has been 
d is c o n tin u e d . A lthough A llen  e t  a l .  ( l )  concluded th a t  th e  m ic ro - 
b io c id e  was e f f e c t iv e  in  d e c rea s in g  th e  r a t e  o f  r e le a s e  o f  u re a  by 
SCU g ra n u le s  in c o rp o ra te d  in to  s o i l ,  th e  m ic ro b io c id e  was l e s s  
e f f e c t iv e  where th e  g ran u le s  were a p p lie d  to  th e  s o i l  s u r f a c e .  I t s  
e f f e c t iv e n e s s  d ecreased  w ith  in c re a s in g  te m p e ra tu re s . Subsequent 
agronomic re s e a rc h  by TVA (42) has produced c o n f l ic t in g  r e p o r ts  about 
th e  e f fe c t iv e n e s s  o f  m ic ro b io c id es  in  d e lay in g  breakdown. S h ir le y  
and M eline (42 ,43) r e p o r t  t h a t  i t s  use has been d isc o n tin u e d . J a r r e l l  
and Boersma (26) contend t h a t  new s e a la n t  m a te r ia ls  such  as p o ly e tb y -  
le n e -B r ig h ts to c k  o i l  m ix tu re  may be in h e re n tly  more r e s i s t a n t  to  
m ic ro b ia l a t ta c k ,  e l im in a tin g  th e  need f o r  a  m ic ro b io c id e  to  d e lay  
th e  breakdown o f  c o a tin g  m a te r ia ls .
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Giordano and M ortvedt (18) observed  t h a t  lim in g  a c c e le ra te s  th e  
r a t e  o f  r e le a s e  o f  u re a  from SCU g ran u le s  in  m oist s o i l .  Adverse 
e f f e c t s  o f  low pH on m ic ro b ia l a c t i v i t y  may be re s p o n s ib le  fo r  slow er 
breakdown in  a c id  s o i l s • A lthough t h i o b a c i l l i  a re  most a c t iv e  a t  s o i l  
pH v a lu e s  betw een 5 and 7» Gray and W illiam s (20) n o te  t h a t  o x id a tio n  
occu rs  s low ly  even a t  pH v a lu e s  as low as 2 o r  3* Burns ( l l )  adds 
t h a t  carbon d io x id e , r e le a s e d  as calcium  c a rb o n a te , n e u t r a l iz e s  s o i l  
a c id i ty ,  and s t im u la te s  th e  grow th o f  a u to tro p h ic  S -o x id iz in g  b a c te r i a .
Lack o f  an e s s e n t i a l  elem ent o c c a s io n a lly  l im i t s  th e  r a t e  o f  
m ic ro b ia l a c t i v i t y  in  s o i l s .  Burns ( l l )  su g g es ts  t h a t  lim in g  may 
s tim u la te  m ic ro b ia l a c t i v i t y  by in c re a s in g  th e  a v a i l a b i l i t y  o f  c a l­
cium. Giordano and M ortvedt ( IS) observed  a c c e le ra te d  breakdown o f  
SCU on s o i l  which had re c e iv e d  P . Low P le v e ls  a p p a re n tly  l im ite d  
th e  r a te s  o f  m ic ro b ia l a c t i v i t y  on u n tre a te d  s o i l  and hence l im ite d  
th e  r a t e  o f  c o a tin g  breakdown.
In  c o n t r a s t ,  B arron (7 |S )  s t a t e s  t h a t  e x te r n a l  f a c to r s  which 
have l i t t l e  o r  no in f lu e n c e  on r e le a s e  r a t e s  o f  p la s t ic - c o a te d  p r i l l s ,  
e .g .  Osmocote, in c lu d e  s o i l  pH, m ic ro b io lo g ic a l a c t i v i t y ,  e x te rn a l  
s a l t  c o n c e n tra tio n s  in  th e  s o i l  m ass, and s o i l  m o istu re  le v e l s  -  
ran g in g  from perm anent w i l t in g  p o in t  to  exceeding  f i e l d  c a p a c ity . I t  
i s  b e lie v e d  th a t  m o is tu re  e n te r s  th e  Osmocote p r i l l  l a r g e ly  in  th e  
vapor phase which e x p la in s  why th e  amount o f  w ater in  th e  s o i l  has 
o n ly  m inor e f f e c t s  on r e le a s e .  As so il, tem p era tu re  i s  th e  on ly  
e x te r n a l  f a c to r  which s u b s ta n t i a l ly  in f lu e n c e s  th e  r e le a s e  r a t e ,  one 
can more r e a d i ly  p r e d ic t  how a g iven  Osmocote fo rm u la tio n  w i l l  r e le a s e  
in  a g iven  regim e (7 j 8)*
I n i t i a l l y ,  th e  major d isadvan tage  o f  coated  f e r t i l i z e r ,  as 
re p o r te d  by Arny (6 ) , appeared to  be in  th e  m anufacturing o f  th e  
p ro d u c t. C oating u n ifo rm ity  around each f e r t i l i z e r  p a r t i c l e  o f te n  
was d i f f i c u l t  to  o b ta in  w ith  la r g e - s c a le  p ro d u c tio n . A p ro cess  has 
been developed by Tennessee V alley  A u th o rity  (43) to  produce s u l f u r -  
co a ted  u rea  by co a tin g  u rea  w ith  s u l f u r .  The b a s ic  p ro cess  f o r  pro­
ducing a s u lfu r -c o a te d  u rea  w ith  a wax s e a la n t  can be seen  in  F igure  
1 (43)• The f i r s t  s te p  o f  TVA's continuous p rocess in v o lv es  h ea tin g  
g ra n u la r  u rea  (82$ o f  t o t a l  p ro d u c tio n  w eight) in  a r o ta t in g  drum 
equipped w ith  an e l e c t r i c  r a d ia n t  h e a te r .  The h ea t p rep a res  th e  
su rfa c e  o f  th e  g ran u le s  to  accep t th e  subsequent c o a tin g  o f  s u l f u r .  
S u lfu r (13$ o f t o t a l  p roduct w eight) i s  ap p lie d  in  a ro ta ry  drum in  
which u rea  g ran u les  a re  sprayed  w ith  m olten s u l f u r .  The s u l f u r  can 
be sp rayed  th rough  n o zz les  which use h ea ted , compressed a i r  as th e  
atom izing  fo rc e , o r  i t  can be atom ized by pumping th e  s u l f u r  a t  h igh  
p re s su re s  th rough  h y d ra u lic  atom izing n o z z le s . In  e i th e r  c ase , a 
uniform  co a tin g  o f s u l f u r  i s  b u i l t  up on th e  in d iv id u a l p a r t i c l e s .
The m a te r ia l  i s  d isch arg ed  to  a w ax-coating  drum by means o f  a bucket 
e le v a to r .  Wax (2$ o f  t o t a l  p roduct w eight) i s  ap p lie d  to  s e a l  th e  
im p erfec tio n s  in  th e  s u l f u r  c o a tin g . The u re a  i s  th e n  cooled  to  
s o l id i f y  th e  wax. A f l u i d  bed c o o le r  i s  u sed  which m inim izes hand­
l in g  problems w ith  th e  s t ic k y , w ax-coated m a te r ia l w hile  co o lin g  i t  
e f f i c i e n t l y .  The m a te r ia l  i s  d isch arg ed  from th e  c o o le r to  th e  condi­
t io n in g  drum where diatom aceous e a r th  (2$ o f  t o t a l  p roduct w eight) i s  
a p p lie d . The p roduct i s  screened  to  remove any o v e rs ize  m a te r ia l  
formed in  th e  processo The amount o f  o v e rs ize  removed i s  u s u a lly
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in  th e  range o f  0 .1  to  0 .5$  o f th e  t o t a l  p ro d u c tio n  and i s  in  th e  form 
o f  agglom eratesa In  th e  p a s t ,  th e  s u lfu r -c o a te d  u rea  has a lso  con­
ta in e d  0 . 25$  c o a l - ta r  ap p lie d  as a m icrob ic ide  to  reduce th e  s o i l  
m ic ro b ia l a t ta c k  on th e  wax. However, re c e n t agronomic t e s t s  have 
dem onstrated  th e  co a l t a r  to  be o f  v e ry  l i t t l e  v a lu e . I t  was th e re fo re  
dropped in  fav o r o f  a more s im p lif ie d  p rocess and b e t t e r  handling  
c h a r a c te r i s t i c s  o f  th e  f i n a l  p ro d u c t.
When producing a c o n tro l le d - re le a s e  u re a  w ith  only  a s u lfu r  
c o a tin g , no subsequent p ro cess in g  i s  re q u ire d , but some quick co o lin g , 
which i s  b e n e f ic ia l  under c e r ta in  o p e ra tin g  c o n d itio n s , i s  recommended 
by most re se a rc h e rs  (1 0 ,3 8 ,4 3 ,46»47)» Tennessee V alley  A u th o rity  (46) 
has dem onstrated  th a t  s u lfu r -c o a te d  u rea  can now be m anufactured in  
g re a te r  q u a n t i t ie s  in  la rg e  p i l o t  p la n t  o p e ra tio n s .
R esearchers  (1 0 ,4 0 ,4 2 ,4 3 ) have shown th a t  th e  com parative con­
t r o l l e d - r e l e a s e  c h a r a c te r i s t i c  o f  s u lfu r -c o a te d  u rea  i s  measured by 
determ in ing  th e  percen tage  o f  u re a  t h a t  w i l l  d is so lv e  when a 50-gram 
sample o f  p roduct i s  immersed in  250 grams o f  q u iescen t w ater and 
h e ld  a t  a co n stan t tem pera tu re  o f  100°F fo r  7 days. They continue by 
say ing  th a t  th e  q u a l i ty  o f  th e  co a tin g  i s  determ ined by comparing t h i s  
d is s o lu t io n  r a te  w ith  th e  t o t a l  co a tin g  o f  s u l f u r ,  wax, co a l t a r ,  and 
c o n d itio n e r  ap p lie d  to  th e  u re a . The amount o f  u re a  re le a s e d  from th e  
p roduct i s  measured by determ in ing  th e  index o f  r e f r a c t io n  o f  th e  
u re a -c o n ta in in g  s o lu t io n  and comparing t h i s  measurement w ith  s tan d a rd  
c u rv es . N early  a l l  o f  th e  agronomic d a ta  c o lle c te d  on th e  c o n tro l le d -  
r e le a s e  p ro p e r t ie s  o f  s u lfu r -c o a te d  u re a  have been c o r re la te d  w ith  
th e  seven-day d is s o lu t io n  r a te  (SDDR) d a ta  determ ined by th i s
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p ro ced u re . P ro d u cts  w ith  20 to  30$ d is s o lu t io n  in  7 days and 1$ o r 
l e s s  d a i ly  t h e r e a f t e r  a re  u s u a lly  so u g h t. The d is s o lu t io n  r a t e  can 
be v a r ie d  by v a ry in g  th e  c o a tin g  w e ig h t. S o il  and c lim a te  c o n d itio n s  
and th e  growing season  o f  th e  crop  b e in g  f e r t i l i z e d  a re  among o th e r  
v a r ia b le s  t h a t  m ight make h ig h e r o r  low er d is s o lu t io n  r a t e s  p o s s ib le .
The seven-day  d is s o lu t io n  r a t e  method was adequate f o r  d e te r ­
m ining p ro d u c t q u a l i ty  d u rin g  th e  p ro cess  developm ent s ta g e s ,  b u t i t  
re q u ire d  f a r  to o  much tim e to  be o f  p r a c t i c a l  use as a q u a l i ty  c o n tro l  
p rocedure  d u rin g  lo n g -te rm  o r con tinuous p la n t  o p e ra t io n .
Tennessee V a lley  A u th o rity  (40) d id  some developm ent work on an 
e v a lu a tio n  p rocedure  t h a t  in v o lv ed  con tinuous a g i t a t io n  o f  s lu r r i e s  
o f  SCU sam ples in  a  w r is t - a c t io n  sh ak er f o r  fo u r  h o u rs . A s l i g h t  
m o d if ic a tio n  o f  t h i s  p rocedure  a lso  t e s t e d  in v o lv ed  shak ing  th e  
s l u r r i e s  f o r  fo u r  hours in  a ho t w a ter b a th  to  in c re a s e  th e  d is s o lu ­
t i o n  o f  u re a .  The r e s u l t s  from th e se  t e s t s  were in c o n s is te n t  and were 
n o t w e ll c o r r e la te d  w ith  SDDR d a ta  c o l le c te d  on o th e r  p o r t io n s  o f  th e  
same sam ples. Another t e s t  developed was th e  " d ip ” method in  
which sam ples o f  SCU were p la ce d  in  w ire  bags and d ipped  in  warm 
w a ter a few tim es a  m inu te . While a fo u r-h o u r  t e s t  i s  a  c o n s id e ra b le  
improvement over seven  days, t e s t s  p roducing  q u a l i ty  c o n tro l  r e s u l t s  
in  30 m inutes would be more d e s ir a b le  in  a  p ro d u c tio n -sc a le  p la n t .
TVA ( 40) developed a p rocedure  in v o lv in g  th e  u se  o f  u l t r a s o n ic  energy 
to  d ec rea se  th e  tim e  re q u ire d  f o r  th e  c o n tro l le d  r e le a s e  o f  u re a  
from th e  co a ted  g ra n u le s . The u l t r a s o n ic  energy a c c e le ra te s  f a i l u r e  
o f  th e  c o a tin g  ( i . e . ,  pore  o r  c rack  en largem ent and th e  development
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o f  openings a t  weak sp o ts  in  c o a tin g s )  and a id s  in  a c c e le r a t in g  
th e  d is s o lu t io n  o f  u re a  w ith in  f a i l e d  c o a tin g s .
S h ir le y  and M eline (43) em phasize t h a t  th e  p h y s ic a l c h a ra c te r ­
i s t i c s  o f  th e  s u b s t r a te  m a te r ia l  a re  v e ry  im p o rtan t in  th e  p ro d u c tio n  
o f  any c o a ted  m a te r ia l  and t h i s  i s  e s p e c ia l ly  t r u e  o f  s u lfu r - c o a te d  
u re a . They found th a t  th e  u re a  sho u ld  be s p h e r ic a l  and have a  smooth 
s u r f a c e .  I f  th e  g ran u le s  o r  p r i l l s  have sh arp  c o rn e rs , su r fa c e  b l ip s ,  
c ra c k s , d im p les, h o le s , o r  i f  th e y  a re  agglom erated  so t h a t  th e  g ran­
u le s  have a v e ry  i r r e g u la r  j o i n t ,  th e y  a re  much more d i f f i c u l t  to  
co a t com ple te ly  and e f f e c t iv e ly  w ith  s u l f u r .  When th e  s u l f u r  c o a tin g  
i s  s e a le d  w ith  wax, most im p e rfe c tio n s  in  th e  g ra n u le s  can be o v er­
come by u s in g  h e a v ie r  co a tin g s  o f  s u l f u r  an d /o r wax. U n fo rtu n a te ly , 
t h i s  r e s u l t s  in  a re d u c tio n  in  n i tro g e n  c o n ten t o f  th e  p ro d u c t and 
in c re a s e s  th e  m anufactu ring  and sh ip p in g  c o s t p e r  u n i t  o f  n i tro g e n . 
When th e  c o a tin g  i s  on ly  s u l f u r ,  th e  im p e rfe c tio n s  a re  much h a rd e r 
to  overcome. Wax can flow  in to  d im p les, c ra c k s , h o le s , e t c . ,  s e a l ­
in g  them , where s u l f u r  cannot because i t  f r e e z e s  on im pact w ith  th e  
r e l a t i v e l y  co ld  s u b s t r a te .  For exam ple, most p r i l l e d  u re a  has a 
sm all dim ple o r  ho le  in  th e  su rfa c e  o f  th e  sp h e re . They (43) m ention 
t h a t  p r i l l s  have been s u c c e s s fu l ly  co a ted  w ith  a  co n v en tio n a l co a tin g  
which in c lu d e s  wax, b u t e f f o r t s  to  make a  s u lfu r - o n ly  p ro d u c t from 
p r i l l s  have been d is c o u ra g in g . P ro d u cts  made from p r i l l e d  u re a  w ith  
a  t o t a l  c o a tin g  o f  25$  (20$ s u l f u r ,  3$  wax, 2$ c o n d itio n e r)  had a 7 -  
day d is s o lu t io n  r a t e  o f  22$. Using th e  same p r i l l s  as a  raw m a te r ia l ,  
th e  s u lfu r - o n ly  p ro d u c t w ith  a s u l f u r  c o a tin g  o f  33$ had a  7-day
d is s o lu t io n  r a te  o f  49$ and d a ta  in d ic a te d  th a t  f u r th e r  in c re a se s  in  
th e  s u lfu r  co a tin g  would have l i t t l e  e f f e c t  on th e  7-day d is so lu tio n
(3 3 ,4 3 ) .
M cClellan and Scheib (33) p o in t ou t th a t  s u l fu r  co a tin g s  g e n e ra l­
ly  show two ty p es  o f  d e fe c ts .  P inho le  c a p i l la r y  pores -are th e  most 
common d e fe c t and appear to  be th e  p r in c ip a l  p a th  fo r  r e le a s e  o f  u re a  
from w e ll-c o a te d  p ro d u c ts . I t  has been observed th a t  one w e ll-  
developed c a p i l la r y  pore in  an o th erw ise  w e ll-c o a te d  g ranu le  i s  
s u f f ic ie n t  to  com pletely  v en t th e  u re a  co n ten t o f  t h a t  p a r t i c u la r  
g ra n u le . Thus, th e  g ross r e le a s e  r a t e  o f  a coated  u rea  sample i s  an 
o v e ra l l  averag ing  o f  th e  b ehav io r o f  in d iv id u a l g ra n u le s . Cracks are  
a common f e a tu re  only  in  im properly  cooled s u l f u r  co a tin g s  and r e s u l t  
from la rg e  s u lfu r  c r y s ta ls  developing  c ry s ta l lo g ra p h ic a l ly  c o n tro lle d  
s t r a i n  cracks th a t  p e n e tra te  th e  s u l f u r  co a tin g s  and reduce t h e i r  
e f f e c t iv e  th ic k n e s s . Large a re a  f a i lu r e s  caused by th in  sp o ts  a lso  
account f o r  th e  r e le a s e  o f  u rea  from nonuniform ly-coated  g ra n u le s .
S tu d ies  (43,46) have shown th a t  th e  u rea  g ran u les  must have 
about th e  same th ic k n e ss  o f  co a tin g  on them re g a rd le s s  o f  t h e i r  s iz e  
to  g ive th e  same d is s o lu t io n  r a t e s .  I f  t h i s  i s  a v a l id  o b se rv a tio n , 
th en  th e  amount o f  s u lfu r  a s u b s tr a te  u rea  re q u ire s  p e r u n i t  o f  w eight 
v a r ie s  d i r e c t ly  w ith  th e  su rface  a re a  o f  th e  u rea  s u b s tr a te  o r in v e rse ­
ly  w ith  th e  square o f  th e  average d iam eter o f  th e  g ra n u le s , p rovided  
a l l  o th e r  v a r ia b le s  a re  c o n s ta n t. Thus, i t  i s  obvious t h a t  as long  as 
agronomic b e n e f i ts  and hand ling  c h a r a c te r i s t ic s  a re  eq u a l, i f  th e  s iz e  
o f  th e  u re a  p a r t i c l e s  th a t  a re  coated  in c re a s e , th e  co a tin g  needed
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w i l l  d ec rea se , red u c in g  th e  p ro d u c tio n  c o s ts  per u n i t  o f  n itro g e n  
co n ten t in  th e  f i n a l  p ro d u c t.
S h ir le y  and M eline (43) p o in t o u t t h a t  u re a  s u b s tr a te  should  be 
h a rd . S o ft g ran u les  o r  p r i l l s  g ive l e s s  support to  th e  s u lf u r  co a tin g  
making i t  more s u s c e p tib le  to  f r a c tu r e  on h an d lin g .
The u re a  s u b s tr a te  may have a p re c o a tin g  on i t  to  p rev en t caking 
during  shipment and s to ra g e  and s t i l l  be coated  w ith  s u l f u r  w ithou t 
adverse  e f f e c t s  on th e  f i n a l  p roduct, accord ing  to  S h ir le y  and M elin e 's  
(43) f in d in g s . In  most p i l o t - p l a n t  s u lfu r - c o a t in g  t e s t s ,  th e  s u b s tr a te  
m a te r ia l  used  was sp rayed  u n g ran u la ted  u re a  su p p lie d  w ith  a  ifo k a o lin -  
i t e  co a tin g  (B arnet c la y ) .  K a o lin ite  o r  some o th e r  p a r t in g  agent o r  
a chem ical caking in h ib i to r ,  such as form aldehyde, i s  needed in  most 
cases to  p reven t th e  s u b s tr a te  u re a  from caking u n le ss  th e  s u lfu r  
co a tin g  i s  ap p lie d  to  very  re c e n tly  produced u re a . I t  has been found 
(43) t h a t  a 1% c o a tin g  o f  B arnet c lay  a c tu a l ly  may low er th e  s u lfu r  
requ irem en ts by as much as 2 percen tage  p o in ts .  However, th e  econo­
mics o f  in c lu d in g  an e x tra  s te p  in  th e  p ro cess  to  p reco a t feed  u rea  
w ith  k a o l in i te  p r io r  to  s u l f u r  co a tin g  would be ex trem ely  q u e s tio n a b le . 
In c re a s in g  th e  p re c o n d itio n e r  k a o l in i te  to  more th an  about 1% i s  d e t r i ­
m en ta l. Urea p re c o n d itio n e r  w ith  form aldehyde can be co a ted  w ith  
s u l f u r  w ithou t any apparen t e f f e c t  on th e  q u a l i ty  o f  th e  f i n a l  prod­
u c t .  Fleming (15) has developed a  p ro cess  where f in e ly  d iv id ed  
powder (l?S carbon b la c k , in  p a r t i c u la r )  i s  ap p lied  as a p re c o a t on 
th e  u re a  to  s u b s ta n t ia l ly  reduce th e  use o f  s u l f u r  in  th e  f i n a l  co a t­
ing  (43 , 46) .
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T ennessee V alley  A u th o rity  (43) u ses  b r ig h t  s u l f u r  having  a 
carbon c o n ten t o f  around 500 ppm and an ash c o n ten t o f  a ro u n t 55 ppm.
I t  i s  mined by th e  F rasch  p ro c e s s . The carbon co n ten t o f  th e  s u l f u r  
appears  to  be a  v e ry  im p o rtan t f a c to r .  Most o f  th e  carbon i s  in  th e  
form o f  hydrocarbons which r e a c t  w ith  h o t s u l f u r  to  form a  s o l id  
c a rb o n -su lfu r  complex, c a r s u l .  Because t h i s  r e a c t io n  i s  v e ry  slow and 
con tinuous a t  norm al s to ra g e  and usage te m p e ra tu re s , th e  c a r s u l  i s  
d i f f i c u l t  to  keep removed from th e  s u l f u r  and t h i s  w i l l  cause extrem e 
problem s i f  th e  s u l f u r  i s  n o t hand led  p ro p e rly  o r  i f  th e  hydrocarbons 
a re  e x cessiv e  in  th e  s u l f u r .
S h ir le y  and M eline (43) r e p o r t  t h a t  a  m ic ro c ry s ta l l in e  wax, 
m anufactured  by one o f  th e  m ajor U.S. o i l  com panies, i s  u sed  to  s e a l  
th e  s u l f u r  c o a tin g  in  th e  co n v en tio n a l p ro c e ss . R ec e n tly , because 
o f  th e  energy c r i s i s ,  th e re  have been s e v e ra l  changes in  p roduct 
l in e s  o f  many o f  th e  m ajor o i l  com panies. M ic ro c ry s ta l l in e  wax p ro ­
d u c tio n  has been c u r ta i l e d  by some companies and even e lim in a te d  
by o th e r s .  Thus, th e  a v a i l a b i l i t y  and c o s t o f  m ic ro c ry s ta l l in e  wax 
i s  v e ry  u n c e r ta in .  E x ten s iv e  s m a l l- s c a le  work a t  TVA (42 ,43) w ith  
o th e r  waxes and o rg a n ic  s u b s t i t u te s  i s  c u r r e n t ly  b e in g  conducted.
Some o f  th e s e  p ro d u c ts  appear to  be a lm ost com parable in  e f f e c t iv e ­
n e s s .
S tu d ie s  (43) have shown t h a t  th e  main fu n c tio n  o f  th e  condi­
t i o n e r  i s  to  absorb  th e  o i l s  in  th e  wax and th u s  remove th e  s t i c k i ­
n e ss  from th e  p ro d u c t. T h e re fo re , i t  i s  needed on ly  when an o i ly  wax 
i s  u sed . P r im a r i ly , diatom aceous e a r th  has been u sed  as th e  condi­
t io n e r  because o f i t s  o i l - a b s o rb in g  c a p a c ity , 139 pounds p e r  100 pounds
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proved to  be a poor s u b s t i t u t e ,  r e q u ir in g  tw ice  as much c o a tin g  
to  p ro v id e  a f i n a l  p ro d u c t f r e e  o f  s t i c k in e s s .
Hauck and Koshino (25) have re c o g n ize d  th a t  s lo w -re le a se  
f e r t i l i z e r s  a re  e s p e c ia l ly  s u i te d  fo r  many ornam ental con ta in er-g ro w n  
p la n ts .  Such p la n ts  have slow , uniform  r a te s  o f  grow th f o r  ex tended  
tim e p e r io d s . M oreover, th e y  a re  h igh  v a lu e  crops f o r  which c o s ts  o f  
premium o r s p e c ia l ty  f e r t i l i z e r s  a re  r e l a t i v e l y  l e s s  im p o rtan t th a n  
th e  c o s ts  o f  o th e r  management p r a c t i c e s .  L im ited  re s e a rc h  has been 
conducted w ith  s u lfu r - c o a te d  u re a  on co n ta in er-g ro w n  o rn am en ta ls .
In  one experim ent conducted by F u ru ta  e t  a l .  ( l 7 ) ( s u lfu r - c o a te d  
u re a  in c o rp o ra te d  in to  th e  p o t t in g  mix s u p p lie d  adequate  amounts o f  
n i tro g e n  fo r  s e v e ra l  months* grow th o f  o rn am en ta ls .
MATERIAL AND METHODS
1980 Experim ent to  D eterm ine Su lfurK ote  R e lease  P a t te r n s .
A random ized b lo c k  d esig n  w ith  a s p l i t  p lo t  arrangem ent o f  t r e a t ­
ments in  fo u r  r e p l ic a t io n s  was u t i l i z e d  in  t h i s  experim en t, A 2x3x6 
f a c t o r i a l  experim ent was on th e  whole p lo t  w ith  d a te s  on th e  s p l i t  
p l o t .  S t a t i s t i c a l  an a ly se s  were broken down by d a te s .  F a c to rs  t h a t  
were s tu d ie d  on th e  whole p lo t  in c lu d e d  two methods o f  a p p l ic a t io n ,  
th re e  m ic ro n u tr ie n t m ixes, and s ix  r a t e s  o f  a s u lfu r - c o a te d  f e r t i l i z e r  
(T able  l ) .
A p p lic a tio n  methods compared were to p  d re s s in g  v s .  in c o rp o ra tio n . 
Three com m ercially a v a i la b le  m ic ro n u tr ie n t mixes were in c o rp o ra te d  
in to  th e  b a s ic  4 :1  (v /v ) b a rk :sa n d  medium acco rd in g  to  m a n u fa c tu re r 's  
su g g es ted  r a t e s  (Table 2 ) .  M ic ro n u tr ie n t mixes in c lu d ed  S ta-G reen  
F r o - S ta r t  (12 -6 -6 ) w ith  m ic ro n u tr ie n ts , S c o tts  ProGrow 24-9 -9  p lus 
m ic ro n u tr ie n ts ,  and Micromax m ic ro n u tr ie n t mix (T able 3 ) .  D olom itic 
lim es to n e  was a lso  in c o rp o ra te d  in to  th e  medium acco rd in g  to  manu­
f a c t u r e r 's  su g g es ted  r a t e  (T ab le  2 ) .
Su lfu rK ote  24 -4 -1 0 , m anufactured  by th e  S ta-G reen  P la n t  Food Co. 
o f  Sjylacauga, AL, was th e  s u lfu r - c o a te d  s lo w -re le a s e  f e r t i l i z e r  t r e a t ­
ment u sed  in  th e  experim en t. The s i x  a p p l ic a t io n  r a t e s  in c lu d e d  2 ,9 7 , 
5 .9 7 , 8 .9 1 , 11 .88 , 1 4 .8 5 , and 17.82 kg/m3 (5 , 10, 15, 20, 2 5 , and 30 
lb /y d 3 ) .
The experim en t, i n i t i a t e d  on May 12, 1980, was p laced  on a lim e­
s to n e  ag g reg a te  n u rse ry  bed a t  th e  Burden R esearch  C en ter, Baton 
Rouge, LA, M ixing o f  each  in c o rp o ra te d  m e th o d /m ic ro n u trien t mix
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Table 1> Six ra te s  o f  SulfurKote 24-4—10z , th re e  m icronu trien t mixes, and 
two methods o f  a p p lica tio n  u t i l i z e d  in  th e  198O f e r t i l i z e r  study .
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^Marketed by Sta-Green P lan t Food Co., Sylacauga, AL. 
■^Marketed by O.M. S co tt and Sons, Co., M arysv ille , OH. 
Marketed by S ie rra  Chemical Co., M ilp ita s , CA.
Table 2 . M icro n u trien t mix r a t e s ,  do lom itic  lim e r a t e s ,  and s in g le  superphosphate r a te s  u t i l i z e d  in  
th e  1980 SulfurK ote 24-4—10Z f e r t i l i z e r  experim ents.
M icro n u trien t Mix R ate D olom itic Lime Rate
S ing le  Super­
phosphate Rate
Sta-G reen P r o -S ta r t  (12 -6 -6 )^  
w ith  M icro n u trien ts
5 .94  kg/m3 
(10 lb /y d  N)
5 .94  kg/m3 
(10  lb /y d  )
S c o tts  ProGrow (24-9-9) 
p lu s  M icro n u trien ts
2.50  kg/m3 
(4 .2  lb /y d  N)
4 .75  kg/m3 
(8  lb /y d  ) -----
wMicromax M icro n u trien t Mix 0.89  kg/m3 
( 1 .5  lb /y d  N)
4 .75  kg/m3 
(8  lb /y d  )
2.38  kg/m3 
(4  lb /y d 3 )
z,y
Marketed by: S ta-G reen P la n t Food Co., Sylacauga, AL.
x
M arketed by O.M* S c o tt & Sons, C o., M ary sv ille , OH 
w
M arketed by S ie r r a  Chemical C o., M ilp ita s , CA.
2
Table 3 . P ercen t minor elem ent co n ten t o f  th e  th re e  m ic ro n u tr ien t mixes in  th e  1980 SulfurK ote 24-4-10 




P ro -S ta r t
12- 6-6
w ith
M icro n u trien ts




M icro n u trien t s
w
Micromax
M icro n u trien t
Mix
B 0.02 — • 0 .1
Cu 0.05 0 .2 0 .5
Fe 0 .10 0 .6 12.0
Mn 0.05 0 .2 2.3
Mo 0.0005 .004 0.005
Zn 0.05 0.3 1.0
S — 3 .0 15.0
2 ’^M arketed by Sta-G reen P la n t Food C o., Sylacauga, AL 
x
M arketed by O.M. S c o tt & Sons, Co., M ary sv ille , OH 
w Marketed by S ie r r a  Chemical Co., M ilp ita s , CA
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tre a tm e n t com bination was done u s in g  a  B ouldin and Lawson m ixing 
m achine. Top d re s s in g  tre a tm e n ts  were weighed in d iv id u a l ly  f o r  each 
po t on a  M e tt le r  P1000 b a lan ce  and a p p lie d  on May 13* Three in ch  
p o tte d  l i n e r s  o f  n in e  p la n t  sp e c ie s  were p la n te d  in  3*75 l ( l  g a l* ) 
b la c k  p l a s t i c  c o n ta in e r s .  S pecies in c lu d ed :
P la n ts  were m ain ta in ed  under overhead  s p r in k le r  i r r i g a t i o n  and 
w atered  d a i ly  w ith  a t  l e a s t  1.27  cm ( 0 .5  in )  o f  w ater r o u t in e ly  be­
tween 12:00  and 1:00  p.m.
L eachate e x tra c t io n s  were i n i t i a t e d  26 days a f t e r  p la n tin g  and 
re p e a te d  a t  two week in te r v a l s  f o r  a  t o t a l  o f  e ig h t  sam pling d a te s  
co v erin g  a  p e r io d  o f  124 d ay s. G ardenia .jasm inoides 'R a d ic a n s ',  from 
Reps I  and I I ,  was u sed  th ro u g h o u t th e  1980 s tu d y  f o r  le a c h a te  sampl­
in g . L eachate e x tr a c t io n s  were made by pou rin g  650 ml o f  i r r i g a t i o n  
w ater in to  each  c o n ta in e r  and a llo w in g  i t  to  p e rc o la te  th ro u g h  th e  
medium and in to  a p l a s t i c  bag secu red  around th e  low er p o r t io n  o f  th e  
c o n ta in e r .  Leaching was allow ed to  occur f o r  1 hour b e fo re  p l a s t i c  
bags were c o l le c te d .  Each sample was th e n  f i l t e r e d  to  remove media 
p a r t i c l e s ,  t r e a te d  w ith  2 .4  N HC1, and m a in ta in ed  in  a f r e e z e r  a t  
-5°C u n t i l  removed f o r  a n a ly se s . Ammoniacal and n i t r a t e  n i tro g e n , 
as w e ll as P and K l e v e l s ,  in  each le a c h a te  sample were m easured 
vising th e  Technicon A utoA nalyzerII0
C rapem yrtle 
Dwarf G ardenia 
B urford  H olly  
Ju n ip e r 
L igustrum  
O leander 
P itto spo rum  
Yaupon H olly 
Japanese Yew
L ag erstroem ia  in d ic a  'C ountry  Red* 
G ardenia ja sm in o id es  'R a d ic an s ' 
I l e x  c o rn u ta  'B u r fo rd i '
Ju n ip e ru s  p f i t z e r i a n a  
L igustrum  .japonicum 
Nerium o lean d e r 
P itto sp o ru m  to b i r a  
I l e x  v o m ito r ia  
Fodocarpus m acrophyllus
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For purposes o f  media an a ly se s , a " s a c r i f i c e "  b lo c k  w ith  two 
r e p l ic a t io n s  and fo u r  sub-sam ples was s e t  up continguous to  th e  fo u r  
r e p l ic a t io n s  o f  th e  le a c h a te  b lo c k .
Media sam ples were e x tr a c te d  a t  m onthly in te r v a l s  on June 13,
J u ly  10, August 8 , and Septem ber 6 , 1980. Samples were a i r  d r ie d  and 
th e n  m echan ica lly  ground in  .a p u lv e r iz e r  so t h a t  p a r t i c l e s  would pass  
th ro u g h  a  U.S. S tan d ard  S ieve No. 10 w ith  2 m ill im e te r  open ings. 
Seventy-tw o media sam ples were e x tr a c te d  from p o ts  c o n ta in in g  Lager­
s tro em ia  in d ic a  ’C ountry Red* p la n ts  on each  o f  th e  fo u r  d a te s .
P la n ts  were a rran g ed  w ith in  t h i s  s a c r i f i c e  b lo ck  in  a random ized b lo c k  
d e s ig n  w ith  a  2x3x6 f a c t o r i a l  arrangem ent o f  t r e a tm e n ts .  Each p la n t  
was d isc a rd e d  a f t e r  a  media sample was ta k e n .
Media sam ples were an aly zed  by u s in g  th e  n i t r a t e  s p e c i f ic  ion  
e le c t ro d e .  An io n ic  s t r e n g th  a d ju s to r  (ISA) was p rep a red  to  keep a 
c o n s ta n t background io n ic  s t r e n g th .  F i f t y  m i l l i l i t e r s  o f  ISA were 
added to  10 grams o f  each m edia sample which were th e n  in te r m i t te n t ly  
shaken f o r  15 m in u tes . A re a d in g  was ta k e n  u s in g  th e  n i t r a t e  
s p e c i f ic  io n  e le c t r o d e .  E lem ents analyzed  in  th e  la b o ra to ry  in c lu d ed  
n i t r a te - N ,  P , K, Ca, and Mg. D e term in a tio n  o f  pH was o b ta in e d  from 
a 1:1  s l u r r y  o f  th e  medium and d i s t i l l e d  w a te r a f t e r  a  s tan d in g  p e rio d  
o f  tw e n ty -fo u r h o u rs .
Q u a n tita tiv e  r a t in g s  f o r  grow th and c o lo r  f o r  each  p la n t  were 
ta k e n  on August 14, 1980, ( a t  day-99 o f  th e  s tu d y ) and ag a in  on 
O ctober 3 , 1980, ( a t  day-143)•  The ex p erim en ta l d esig n  u t i l i z e d  was 
a random ized b lo ck  w ith  a  s p l i t  p lo t  arrangem ent o f  t r e a tm e n ts .  The
2x3x6 f a c t o r i a l  was on th e  whole p lo t  w ith  perso n  on th e  s p l i t  p lo to  
R a tin g s  were done by fo u r  p e rsons in  August and one pe rso n  in  0 c to b e ro 
A 1-10 r a t in g  s c a le  was u sed  w ith  10 b e in g  b e s t  growth and g re e n e s t 
c o lo r  and 1 b e in g  dead .
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1981 Experim ent to  Determine N u tr ie n t R e lea se  P a t te rn s  o f  F ive  S u lf u r -  
Coated. F e r t i l i z e r s .
A random ized b lo ck  d esig n  w ith  a  s p l i t  p lo t  arrangem ent o f  t r e a t ­
ments and subsam ples in  fo u r  r e p l ic a t io n s  was i n i t i a t e d  on A p ril  25, 
1981. A 2x5 f a c t o r i a l  experim ent was on th e  whole p lo t  w ith  d a te s  on 
th e  s p l i t  p lo t s .  S t a t i s t i c a l  an a ly se s  were broken  down by d a te . F a c to rs  
s tu d ie d  on th e  whole p lo t  in c lu d e d  p la n te d  v s .  u n p lan ted  c o n ta in e rs  and 
5 f e r t i l i z e r  tre a tm e n ts  (T ab les  4  and 5)» A p p lic a tio n  r a t e s  were ad­
ju s te d  to  supply  a  c o n s is te n t  1.49  kg/irr^ (2 .5 0  lb /y d ^ ) n i tro g e n  over th e
e n t i r e  experim en t.
A 4 :1  (v /v )  b a rk :s a n d  medium was u t i l i z e d .  S ta-G reen  M ic ro s ta r t  
m ic ro n u tr ie n t mix (T able  6 ) and d o lo m itic  lim esto n e  a t  2 .9 7  kg/rn^ (5 and 
8 lb /y d ^ ) ,  r e s p e c t iv e ly ,  were in c o rp o ra te d  in to  each tre a tm e n t combina­
t i o n .  T h ree -in ch  p o tte d  l i n e r s  o f  G ardenia .iasm inoides 'R a d ic a n s ' were 
p la n te d  on A p ril 29, 1981, in to  3 .7 5  1 ( l  g a l . )  b la c k  p l a s t i c  c o n ta in ­
e r s .  One p o t o f  each o f  th e  f iv e  f e r t i l i z e r  tre a tm e n ts  was l e f t  un­
p la n te d  to  compare n u t r i e n t  l e v e l s  in  p la n te d  v s .  u n p lan ted  c o n ta in e rs .
L eachate e x tr a c t io n s  from b o th  th e  p la n te d  and u n p la n te d  c o n ta in e rs  
were tak en  f iv e  days a f t e r  th e  experim ent was i n i t i a t e d  and re p e a te d  a t  
two week in t e r v a l s  f o r  a  t o t a l  o f  12 e x t r a c t io n  in te r v a l s  co v erin g  a 
p e r io d  o f  156 d ay s. E x tra c t io n  te ch n iq u es  and an a ly se s  f o r  le a c h a te s  
were th e  same as th o se  in  th e  1980 ex p erim en t.
B eginning on May 28 , one media sub-sam ple was e x tra c te d  each  month 
f o r  a n a ly s is  u t i l i z i n g  th e  m edia-w ater e x t r a c t io n  method. For t h i s  p u r­
pose app rox im ate ly  400 mis o f  media were c o l le c te d  from each  tre a tm e n t 
and p la ce d  in  a 500 ml b e a k e r . F i f t y  mis o f  d i s t i l l e d  w a ter were added 
to  each  b eak e r and allow ed  to  s ta n d  f o r  1 h r .  Each sample was th e n
Table 4 . o S u lfu r-c o a te d  f e r t i l i z e r s  used  in  th e  1981 experim ent and a p p lic a t io n  r a t e s  based  on 
1 .49 kg/rcrN.______________________________ _______ _ __________________________________________________
2
F e r t i l i z e r
R ate  o f  A p p lica tio n  to  Supply 
1.49 ke/m (2 .50  lb  N/yd3 )
1. S ta-G reen  SulfurK ote 13-13-13 11.42 kg/m3 (19.23 lb /y d 3 )
2 . Sta-G reen SulfurK ote 24-4-10 6 .19  kg/m3 ( 10.42  lb /y d 3 )
3 . LESCO 20-6-12 p lu s  Minors 7.43 kg/m3(12 .50  lb /y d 3 )
4» LESCO 14-14-14 p lu s  Minors 10.61  kg/m3 ( 17.86  lb /y d 3)
5. S c o tts  SREF 20-4-10 7.43 kg/m3 ( 12.50  lb /y d 3 )
M ark e ted  re s p e c t iv e ly  by: S ta-G reen P la n t Food C o., Sylacaugo, AL; Lakeshore Equipment and Supply C o.,
E ly r ia ,  OH; and O.M. S c o tt and Sons C o., M ary sv ille , OH.
-c-O'













S c o ttsx
SREF
20-4-10
$  T o ta l N 13# 21$ 20$ 14$ 20$
2 .7 $  ammoniacal 
N
0 .8 $  ammoniacal 
N
0 ,11$  n i t r a t e  
N




10.3$ u re a 23 . 2$ u rea 1,83$ ammoniacal 
N
4 , 87$  ammoniacal 
N
19$  u re a
$  A vailab le  
Phosphoric 
Acid (P205) 13# 4$
18.66$ HgO so lu b le  
o rg an ic  N
6$
9 .0$  H20 so lu b le  
o rg an ic  N
14$ 4$
S olub le  P o tast
( k20) 13# 10$ 12$ 14$ 10$
S u lfu r ( s ) 18$ 29 .5$ 18.32$ 18,63$ 29 .5$
t
z
M arketed by: S ta-G reen P la n t Food C o., Sylacauga, AL,
y
M arketed by: Lakeshore Equipment and Supply C o,, E ly r ia ,  OH,
x
M arketed by-'O, M, S c o tt and Sons, C o., M ary sv ille , OH,
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Table 6. P e rcen t minor elem ent co n ten t in  S ta-G reen M ic ro s ta r t  




M ic ro s ta r t 
M ic ro n u trien t Mix







M arketed by Sta-G reen P la n t Food C o., Sylacauga, AL
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f i l t e r e d  and t r e a t e d  w ith  2 .4  N HC1. V a ria b le s  analyzed  on th e  
Technicon A utoA nalyzerll in c lu d e d  NO^-N+NH^-N, P, and Ko L evels
o f  pH were determ ined  u s in g  th e  Model 707 A n a ly tic a l  pH M eter.
Q u a n tita tiv e  v i s u a l  r a t in g s  o f  each p la n t  were ta k e n  on J u ly  24( 
1981, ( a t  day-86 o f  th e  s tu d y ) and ag a in  on September 30 , 1981, ( a t  
day-154) a t  th e  te rm in a tio n  o f  th e  s tu d y . A 1-5 r a t i n g  was u t i l i z e d  
w ith  5 b e in g  b e s t  grow th and c o lo r  and 1 b e in g  dead.
A n a ly sis  o f  v a r ia n c e  and F - t e s t  were used  to  determ ine  th e  occur­
ren ce  o f  s ig n i f i c a n t  d i f f e r e n c e s .  Duncan’ s new m u ltip le - ra n g e  t e s t  
was u t i l i z e d  to  determ ine le v e l s  o f  s ig n if ic a n c e  between tre a tm e n t 
means.
RESULTS AND DISCUSSION 
N u tr ie n t r e le a s e  p a t te r n s  o b ta in e d  from 1980 le a c h a te  e x tr a c t io n s .
In  th e  1980 S u lfu rK o te  experim en t, le a c h a te  e x t r a c t io n s ,  media 
sam ples, and v i s u a l  r a t in g s  were ta k e n  to  compare in c o rp o ra te d  v s .  to p  
d re sse d  methods o f  a p p l ic a t io n ,  th r e e  m ic ro n u tr ie n t m ixes, and s ix  
S u lfurK ote  r a t e s .  R e su lts  o f  an a ly se s  o f  le a c h a te  e x tra c t io n s  a re  
p re se n te d  in  T ab les 7 th ro u g h  23*
E f fe c t  o f  Method o f A p p lic a tio n :
Data comparing th e  e f f e c t  o f  method o f  a p p l ic a t io n  on average ppm 
le a c h a te  n i t r a t e —N+ammoniacal-N (NO^-N+NH^—N) le v e l s  fo r  th e  e ig h t 1980 
e x tr a c t io n  d a te s  a re  shown in  Table 7* R e lease  le v e l s  o f  NO^-N+NH^-N 
were e s s e n t i a l l y  eq u a l f o r  th e  two a p p l ic a t io n  methods th ro u g h  day-26 . 
From day-26, th ro u g h  day-124 th e  to p  d re s se d  a p p l ic a t io n  method r e s u l t ­
ed in  s ig n i f i c a n t ly  h ig h e r l e v e l s  o f  NO^-N+NH^-N in  le a c h a te s .  These 
r e s u l t s  in d ic a te  a d e f in i t e  advantage f o r  th e  to p  d re sse d  method in  
term s o f  lo n g e v ity  o f  th e  r e le a s e  p a t t e r n .  NO^-N+NH^-N r e le a s e  r e ­
mained a t  a  h ig h e r e f f e c t iv e  l e v e l  f o r  approx im ate ly  30 days lo n g e r 
f o r  th e  to p  d re sse d  method compared to  th e  in c o rp o ra te d  method o f  
a p p l ic a t io n .
Table 8 shows t h a t  a t  a l l  d a te s ,  w ith  th e  ex cep tio n  o f  th e  f i r s t  
t e s t i n g  d a te  (day -26 ) ,  th e  to p  d re s se d  method o f  a p p l ic a t io n  had s ig ­
n i f i c a n t l y  h ig h e r average ppm ammoniacal-N (NH^-N) le v e l s  in  le a c h a te s  
compared to  th e  in c o rp o ra te d  method. A ppreciab le  amounts o f  NH^-N 
co n tin u ed  to  be r e le a s e d  a t  day-82 when Su lfu rK ote  was to p  d re s se d .
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Table 7 . A comparison o f  the e f f e c t  o f  ap p lica tion  method, top dressed v s .  incorporated, on average
ppm leachate nitrate-N+ammoniacal-N for  e ig h t 19&0 ex traction  in te r v a ls .
„  ,, , „ Days A fte r E stab lishm entMethod o f — J -  — — ----------------------
A p p lica tio n 26 40 68 82 26 110 12AZ
Top d ressed 69.12a 6 o .6 la 26 . 11a 37.58a 23.89a . 6 . 26a 3 .7 0 a I8 .17ay
In co rp o ra ted 123.02a 28.54b 20.89b 9.37b 1.15b 0 . 56b 1.03b 0 . 26b
z
A ll f ig u re s  a re  means o f  72 e x tr a c t io n s .
y
Like l e t t e r  d e s ig n a tio n s  in d ic a te  means th a t  a re  n o t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5$ le v e l  using  
Duncan's new m u ltip le -ran g e  t e s t .
Table 8 . A comparison o f  the e f f e c t  o f  ap p lica tion  methodt top dressed v s .  incorporated, on
average ppm leach ate ammoniacal-N le v e ls  for  e igh t 1980 ex traction  in te r v a ls .
Davs A fte r E stab lishm ent
Method o f
A p p lica tio n 26 S k 68 82 26 ■ n o
Zi
Top d ressed 24.50a 21.95a 7 .05a 5.52a 8 .6 la 2 .21a 1 .70a
y
0.98a
In co rp o ra ted 34°25a 5.47b 2.94b 1 . 67b 0.34b 0.02b Ob 0.01b
z
A ll f ig u re s  a re  means o f 1/2 e x tra c t io n s .
y
Like l e t t e r  d e sig n a tio n s  in d ic a te  means th a t  a re  not s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5$ le v e l  using  
Duncan’s new m u ltip le -ran g e  t e s t .
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When SulfurK ote was in c o rp o ra te d , NH^-N le v e ls  in  le a c h a te s  reached 
c o n s is te n tly  low le v e ls  a f t e r  day-40.
A com parison o f  th e  e f f e c t  o f method o f a p p lic a t io n  on average 
ppm le a c h a te  P f o r  th e  1980 e x tr a c t io n  in te r v a ls  i s  shown in  Table 9» 
The in c o rp o ra tio n  method r e s u l te d  in  s ig n i f ic a n t ly  h ig h e r P le v e ls  a t  
day-54j day-82, and day-96. Although s ig n i f ic a n t  d if fe re n c e s  occu rred  
on th e se  th re e  d a te s ,  method o f  a p p lic a t io n  appeared to  e x e r t  v e ry  
l i t t l e  c o n s is te n t  e f f e c t  on th e  le v e ls  o f  P in  le a c h a te s .  This may be 
ex p la in ed  p a r t i a l l y  by th e  f a c t  th a t  le v e l s  o f  P in  th e  i r r i g a t io n  
w ater v a r ie d  from 2 .0  ppm to  19.0  ppm during  th e  s tudy  (T able 10).
A lso, o th e r  f a c to r s ,  many o f which cannot be ex p la in ed , a f f e c t  P r e ­
le a s e  p a t te r n s .
Table 11 compares th e  e f f e c t  o f  a p p lic a t io n  method on average ppm 
le a c h a te  K fo r  th e  e ig h t 1980 e x tra c t io n  in te r v a l s .  With th e  ex cep tio n  
o f  th e  f i r s t  t e s t i n g  d a te , th e  to p  d re ssed  method o f  a p p lic a tio n  showed 
s ig n i f ic a n t ly  h ig h e r K le v e ls  a t  a l l  d a te s .  Extrem ely low le v e ls  o f  
K in  le a c h a te s  o ccu rred  a f t e r  day-82 fo r  th e  to p  d ressed  method where­
as s im ila r  low le v e ls  were reached  a f t e r  day-54 f o r  th e  in c o rp o ra te d  
method. A d d itio n a lly , th e  m echanical in c o rp o ra tio n  o f  s u lfu r -c o a te d  
f e r t i l i z e r  in to  th e  s o i l  mix by th e  m ixing machine r e s u l t s  in  some 
c rack in g  o f  th e  s u l f u r  c o a tin g  (43*46). Thus th e  in c o rp o ra tin g  process 
i t s e l f  r e s u l t s  in  h ig h e r le v e l s  o f r e le a s e  o f  n u tr ie n ts  du ring  th e  
f i r s t  s e v e ra l  weeks o f  e s ta b lish m e n t when compared to  to p  d re s s in g .
E f fe c t o f  M ic ro n u trie n t Mix:
D ata comparing e f f e c t s  o f  th re e  m ic ro n u tr ie n t mixes on average 
ppm NO^-N+NH^-N and NH^-N le v e l s  in  le a c h a te s  f o r  e ig h t e x tra c t io n
Table 9* A comparison o f-th e  e f f e c t  o f  app lica tion  method, top dressed v s . incorporated, on average
ppm leach ate P le v e ls  for  e ig h t 1980 ex traction  in te r v a ls .
Days A fte r E stab lishm ent
Method o f 
A p p lica tio n 26 2k 68 82 2k
z
110 124
Top d ressed l 6«42a 6 .97a 6.02b 4 .65a 6.28b 5.50b
y
8 .01a  10.89a
In co rp o ra ted 13. 90a 7 .54a 14.03 a 5.36a 7 .12a 8.03 a 7 .17a  10.13a
z
A ll f ig u re s  a re  means o f 72 e x tra c t io n s .
y
Like l e t t e r  d e s ig n a tio n s  in d ic a te  means th a t  a re  no t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5% l e v e l  using  
Duncan's new m u ltip le -ran g e  t e s t .
vn
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Table 10. Average ppm P in  1980 i r r i g a t i o n  w ater e x t r a c t io n s .
Days A fte r









Table 11. A comparison o f  the e f f e c t  o f a p p lica tion  method, top dressed v s .  incorporated, on average
ppm leach ate  K le v e ls  fo r  e ig h t 1980 ex tra ctio n  in te r v a ls .
Method o f Days A fte r  E stab lishm en t *7.
A p p lica tio n 26 42 2 k 68 82 26 110 124
Top d ressed 112.63a 25.40a 12 . 23a A. 63 a 4 .85a 1 .01a 0 .68a
y
0.23 a
In co rp o ra ted 103o80a 10.95b 5.53b 0.34b 0 . 24b 0 . 04b 0.37b .0  b
z
A ll f ig u re s  a re  means o f  72 e x tr a c t io n s .
y-
Like l e t t e r  d e sig n a tio n s  in d ic a te  means th a t  a re  no t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5% l e v e l  u s in g  
Duncan's new m u ltip le -ran g e  t e s t .
o
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in te r v a ls  in  1980 a re  shown in  Tables 12 and 13, I t  was observed th a t
n e i th e r  o f  th e  th r e e  m ic ro n u tr ien t mixes d i f f e r e d  s ig n i f ic a n t ly  in
t h e i r  in f lu e n c e  on N0n-N+NH.-N and NH,-N le v e ls  in  le a c h a te s . I t
J 4 4
should  be n o ted , however, t h a t  P r o -S ta r t  and ProGrow showed numeri­
c a l ly  h ig h e r NO^-N+NH^-N and NH^-N le v e ls  fo r  a l l  t e s t in g  d a te s  
excep t day-124, even though Duncan's m u ltip le -ran g e  t e s t  showed no 
s ig n if ic a n c e .  Both P r o -S ta r t  and ProGrow c o n ta in  a d d it io n a l  N in  t h e i r  
fo rm u la tio n  whereas Microma.x does n o t (T able 2 ) ,
Table 14 compares th e  e f f e c t  o f  m ic ro n u tr ie n t mix on average ppm 
le a c h a te  P le v e ls  f o r  th e  e ig h t 1980 e x tra c t io n  in te r v a l s .  On day-26, 
day-40, and day-82, Micromax caused s ig n i f i c a n t ly  h igher P le v e ls*
While on day-124, P r o -S ta r t  was s ig n i f ic a n t ly  h ig h e r in  P . In  th e  
Micromax f e r t i l i z e r  program, s in g le  superphosphate was in c o rp o ra te d  
in to  th e  mix and th e  P r o -S ta r t  and ProGrow programs con ta ined  P in  
t h e i r  fo rm u la tio n . A lthough s ig n i f ic a n t  d if fe re n c e s  d id  occu r, th e  
m ic ro n u tr ie n t mixes d i f f e r e d  only  s l ig h t ly  in  t h e i r  in flu en c e  on 
le a c h a te  P le v e l s .
No s ig n i f ic a n t  d if fe re n c e s  o ccu rred  in - le a c h a te  K le v e l s  as in ­
flu en ced  by th e  th re e  m ic ro n u tr ien t mixes used (T able 15)* P ro -S ta r t  
and ProGrow con ta in ed  K in  t h e i r  fo rm u la tio n  whereas Micromax con­
ta in e d  no K in  i t s  fo rm u la tio n  (Table 2 ) .  The e f f e c t  o f  th e  addi­
t i o n a l  K in  P ro -S ta r t  and ProGrow was p robab ly  reduced by le ach in g  
p r io r  to  day-26.
E f fe c t  o f  SulfurK ote A p p lica tio n  R ate :
A comparison o f  SulfurK ote r a te s  on average ppm le a c h a te  
n i t r a te -N  le v e ls  f o r  e ig h t  1980 e x tra c t io n  in te r v a ls  i s  shown in
Table 12. A comparison o f  the e f fe c t  o f  th ree m icronutrient mixes on average ppm, leach ate nitrate-N +
amraoniacal-N fo r  e ig h t I960 ex tra ctio n  in te r v a ls .
Days A fte r  E stab lishm en t
M ic ro n u trie n t2
Mix 26 £0 5 k 68 82 2 k 110 124?
P ro -S ta r t 91.25a 43.48a 21.94a 27 . 23a 13. 18a 3 .6 6 a 2 . 12a
X
5.42a
ProGrow 128.33a 47 . 06a 26.36a 23.96a 14.24a 3 .6 8 a 2 .87a 9.80a
Micromax 68.63 a 43 .19a 22.20a 19.23a 10.15a 2 .89a 2 .10a 12. 42a
z
M arketed, re s p e c t iv e ly ,  by: S ta-G reen P la n t Food C o., Sylacauga, AL; O.M. S c o tt and Sons C o.,
M ary sv ille , OH; and S ie r r a  Chemical C o., M ilp i ta s ,  CA.
y
A ll f ig u re s  a re  means o f  72 e x tr a c t io n s ,  
x
la k e  l e t t e r  d es ig n a tio n s  in d ic a te  means th a t  a re  n o t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5% l e v e l  u sing  
Duncan's new m u ltip le -ran g e  t e s t .
Table 13. A comparison o f  the e f f e c t  o f  three m icronutrient mixes on average ppm leach ate
ammoniacal-N le v e ls  for  e ig h t I960 ex traction  in te r v a ls .
Days A fte r E stab lishm ent
M icro n u trien t
Mix 26 40 2 k 68 82 26 110
y
2 2 k
P ro -S ta r t 58.89a 12. 11a 3 . 02b 2 . 19a 2 .99a 0 . 62a 0.45b 0 . 19a
ProGrow 91 . 26a 15. 30a 6.97a 4* 19a 6.24a 1.47a 1.34a 0 . 52a
Micromax 46 . 20a 13.71a 5 . 00ab 4 .41a 4 * 20a 1 . 22a 0.75ab 0.77a
z
M arketed, r e s p e c tiv e ly , by: Sta-G reen P la n t Food Co., Sylacauga, AL; 0,M. S c o tt and Sons Co<>,
M ary sv ille , OH; and S ie r ra  Chemical Co., M ilp ita s , CA.
y
A ll f ig u re s  are  means o f  72 e x tra c t io n s ,  
x
Like l e t t e r  d e s ig n a tio n s  in d ic a te  means th a t  a re  n o t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5$ le v e l  using  
Duncan's new m u ltip le -ran g e  t e s t .
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Table 14* A comparison o f  the e f f e c t  o f  three m icronutrient mixes on average ppm leach ate P
le v e ls  fo r  e ig h t I960 ex traction  in te r v a ls .
Days A fte r E stab lishm ent
M ic ro n u trie n t2
Mix 26 5 k 68 82 2 k 110
P ro -S ta r t 13.55b 6 . 96b 9.25a 4 .93a 6.66b 7 .42a 7 .8 3 ab •11. 72a*
ProGrow 12.73b 6 . 83b 9.86a 5.07a 5.76b 6.13b 6 . 76b 9.53b
Micromax 19. 20a 7 .97a 10.97a 5.01a 7 .69a 6.74ab 8 . 17a 10.28b
z
. M arketed1 r e s p e c tiv e ly , by: S ta-G reen P la n t Food Co., Sylacauga, ALj O.M. S c o tt and Sons Co.,
M ary sv ille , OH; and S ie r r a  Chemical Co., M ilp ita s , CA.
y
A ll f ig u re s  a re  means o f  72 e x tra c t io n s .
x
Like l e t t e r  d e s ig n a tio n s  in d ic a te  means th a t  a re  n o t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5$ le v e l  using  
Duncan’s new m u ltip le -ran g e  t e s t .
Table 15* A comparison o f  the e f f e c t  o f  three m icronutrient mixes on average ppm leachate K
le v e ls  fo r  e ig h t 1980 ex tra ctio n  in te r v a ls .
Days A fte r  E stab lishm ent
M ic ro n u trie n t2
Mix 26 £0 5 k 68 82 2 k 110 12/
P ro -S ta r t 100. 16a 16.34a 9.14a 2 . 62a 2 . 24a 0 .37a 0 . 50a
X
0 . 12a
ProGrow 130. 62a 22 . 78a 10. 66a 2 .30a 2 . 70a 0 . 58a 0 . 66a 0 * 10a
Micromax 93.87a 15. 40a 9 .84a 2.53 a 2 . 70a 0 . 62a 0 . 42a 0 . 11a
z
M arketed, r e s p e c t iv e ly ,  bys S ta-G reen P la n t Food Co., Sylacauga, AL; O.M. S c o tt and Sons Co., 
M ary sv ille , OH; and S ie r r a  Chemical C o., M ilp ita s , CA.
y
A ll f ig u re s  a re  means o f  72 e x tr a c t io n s .
x
Like l e t t e r  d e sig n a tio n s  in d ic a te  means th a t  a re  n o t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5% l e v e l  using  
Duncan's new m u ltip le -ran g e  t e s t .
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Table l6 .  G en era lly , th e  17.82 kg/m r a te  produced s ig n i f ic a n t ly  
h ig h e r NO^-N+NH^-N le v e ls  a t  a l l  t e s t i n g  d a te s .  L evels o f  NO^-N+NH^-N 
in  le a c h a te s  g e n e ra lly  showed in c re a se s  c o n s is te n t  w ith  in c re a se s  in  
a p p lic a t io n  r a t e s .  The 2 .97  and 5.97 kg /n ?  a p p lic a tio n  r a te s  reached 
low NO^-N+NH^-N le v e l s  a f t e r  day-68; th e  8 .91  kg /n ?  r a t e ,  a f t e r  day- 
82; and th e  11.88 and 14*85 kg/rr? r a t e s ,  a f t e r  day-96. The h ig h er 
17*82 kg /u ?  r a t e  con tinued  to  r e le a s e  s ig n i f ic a n t ly  h ig h e r le v e ls  o f 
NO^-N+NH^-N th rough  day-124. In c re ase d  le v e l s  o b ta in ed  f o r  day-124 
f o r  a l l  r a t e s  a re  d i f f i c u l t  to  e x p la in . Media t e s t  d a ta  (T able 24) 
however in d ic a te  t h a t  t h i s  may be a t t r ib u ta b le  to  f i n a l  d e te r io ra ­
t io n  o f  th e  to p  d ressed  g ra n u le s .
Table 17 compares th e  e f f e c t  o f  th e  s ix  SulfurK ote a p p lic a t io n  
r a te s  on average ppm le a c h a te  ammoniacal-N le v e l s  fo r  e ig h t 1980 
e x tra c t io n  in te r v a l s .  The 17.82 kg/m^ r a te  showed s ig n i f ic a n t ly  
h ig h er NH^-N le v e ls  a t  a l l  t e s t in g  d a te s .  Low le v e ls  o f  NH^-N were 
reached  a f t e r  day-40  f o r  th e  2 .97  kg/rn^ and 5*97 kg/rr? r a te s  and a f t e r  
day-54 l o r  th e  8 .91  kg/n?  r a t e .  For th e  11.88 kg/rtf* and 14.85 kg/m? 
r a t e s ,  low le v e ls  were reached  a f t e r  day-82, w hile  th e  17.82 kg/n? r a te  
was co n tin u in g  to  r e le a s e  s ig n i f ic a n t ly  h ig h er r a te s  o f  NH^-N a t 
day-124.
In  Table 18 wide v a r ia t io n s  w ith o u t t r e n d  in  le a c h a te  P le v e ls  
due to  SulfurK ote r a t e s  a re  observed . On day-541 th e  17*82 kg/m? r a t e  
had s ig n i f ic a n t ly  h ig h e r le a c h a te  P l e v e l s .  Ely day-82, th e  th re e  
low er SulfurK ote r a t e s  were s ig n i f ic a n t ly  h ig h e r in  P th a n  were th e  
11 .88 , 14.85 , and 17.82 kg/m? r a t e s .  On day-96 , th e  2 .97 kg/n? r a te  
had s ig n i f ic a n t ly  h ig h e r P le v e l s ,  w hile on day-110, th e  17*82 kg/rr?
Table 16. A comparison o f  th e e f f e c t  o f  s ix  app lica tion  ra tes  o f  SulfurKote 24-4-102 on average ppm
leach ate nitrate-N + ammoniacal-N le v e ls  fo r  e ig h t 1930 ex tra ctio n  in te r v a ls .
Davs A fte r  E stab lishm ent
R ates 26 'M Sk. • M 82 2k 110 124y
2 .97  kg/m3 12.58c 10 . 65d 6.79e 3 .3 2 c ' 0.68b 0 . 43b 0 . 52c 0 .?8bX
5.97 kg/m3 21 . 91c 21.33cd l6 .8 0 d 8.20c 2.28b 0.77b 1.08c 1.22b
8.91  kg/m3 3 7 .3 6bc 34.09c 22.47cd 14.25bc 4.52b 0 . 96b 1.33bc 3.32b
11.88 kg/m3 6 8 .20bc 57.54b 26 . 07bc 19.95bc 9.40b 3.10b 2 .l6 b c 3.50b
14.85 kg/m3 155.67b 59.99b 32 . 63ab 30.80b 13.46b 3.08b 2.82b 10.58b
17.82 kg/m3 280.70a 83.86 36 .24a 64.33 a 44*80a 12.11a 6 . 27a 35 .87a
M arketed by Sta-G reen P la n t Food C o., Sylacauga, AL
y
A ll f ig u re s  a re  means o f 72 e x tra c tio n s  
x
Like l e t t e r  d e sig n a tio n s  in d ic a te  means t h a t  a re  n o t s ig n i f i c a n t ly  d i f f e r e n t  a t  th e  5$ le v e l  u s in g  
Duncan’s new m u ltip le -ran g e  t e s t .
2tTable 17* A comparison o f  the e f f e c t  o f  s ix  ap p lica tion  ra tes o f  SulfurKote 24-4-10 on average
ppm leach ate ammoniacal-N le v e ls  for  e ig h t 1980 extraction  in te r v a ls .
Davs A fte r E stab lishm ent
R ate 26 2 k 68 82 110 12iyV
2.97 kg/m3 4.21b 2.75c 0.23b 0.07c 0 . 05b Ob Oc Ob
5.97 kg/m3 14.36b 5.58c 0.79b 0.34c 0.28b 0.008b 0 . 13bc 0.03b
8.91 kg/m3 18.01b 9.31bc 2.37b 0.99c 1.45b 0 . 14b 0.22bc 0 . 19b
11.88 kg/m3 54.82b 14.87b 3.60b 2.66bc 3.57b 0.92b 0.74bc 0.07b
14.85 kg/m3 98.72b 22.37h 9.73a 4.78b 4.76b 0.87b 1.02b 0.39b
17.82 kg/m3 202.56a 27.37a 13.26a 12.73a 16.75a 4 .69a 2 .99a 2.28a
z
M arketed by S ta-G reen P la n t Food Co., Sylacauga, AL.
y
A ll f ig u re s  a re  means o f  72 e x tra c t io n s .
x
Like l e t t e r  d es ig n a tio n s  in d ic a te  means th a t  are  no t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5?u le v e l  using  
Duncan's new m u ltip le -ran g e  t e s t .
Table IS . A comparison o f  the e f f e c t  o f  s ix  ap p lica tion  ra tes  o f  SulfurKote 24-4-102 on
average ppm leach ate P le v e ls  for  e igh t 1980 ex traction  in te r v a ls .
Days A fte r E stab lishm ent
Rate






26 hQ. 2 k 68 82 26 110 124y
15.57ab . 7.37ab 8.80bc 6 .15a 7.59a 8.88a 7 .79a lO .lScd
13.90b 6 . 48b 7.84c 5.14a 7.77a 7.66b 8.55a 12. 52ab
12.94b 7.31ab 7.45c 4.78ab 8.03 a 6 . 78b 7.96a 12082c
13.17b 7.12ab 8 .8 lb c 4«80ab 5.88b 6 . 74b 7.76a 1 0 .90b c
15.98ab, 7.02ab 10.96b 3.56b 5.22b 5.05c 8.00a . 9.11de
19.40a 8.22 16.30a 5.60a 5.73b 5.50c 5.47b 7.54e
z
M arketed by Sta-G reen P la n t Food Co., Sylacauga, AL,
y
A ll f ig u re s  a re  means o f  72 e x tra c t io n s ,  
x
Like l e t t e r  d e s ig n a tio n s  in d ic a te  means th a t  a re  n o t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5$ le v e l  using  
Duncan’s new m u ltip le -ran g e  t e s t .
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r a t e  was s ig n i f i c a n t ly  low er in  P a t  day-124. These v a r ie d  P 
re sp o n ses  a re  ty p ic a lo  As i s  o f te n  th e  case in  media sam ples, th e  
r e le a s e  p a t te r n  o f  P in  th e  le a c h a te s  cannot be ad eq u a te ly  e x p la in ed .
Table 19 shows th e  e f f e c t  o f  s ix  S u lfu rK ote  a p p l ic a t io n  r a t e s  on 
average ppm le a c h a te  K le v e l s  a t  each  o f  th e  1980 e x t r a c t io n  i n t e r -
O
v a l s .  The 17*82 kg/m r a t e  g e n e ra l ly  showed s ig n i f i c a n t ly  h ig h e r K 
le v e l s  in  le a c h a te s  a t  a l l  t e s t i n g  d a te s .  For th e  2 .97  5-97 kg/m^
r a t e s ,  low le v e l s  o f  K were reach ed  a f t e r  day-54 and f o r  th e  8 .91  
kg/m'* r a t e ,  a f t e r  day-68 . The 11 .88  and 14*85 kg/m? r a t e s  reach ed  low 
le v e ls  a f t e r  day-82 and th e  17*82 kg/m? r a te s  a f t e r  day-96 .
E f fe c ts  o f  Method o f  A p p lic a tio n , M ic ro n u tr ie n t Mix, Su lfu rK ote  
R a te s , and Time Averaged Between D ates:
Table 20 compares th e  e f f e c t  o f  method o f  a p p l ic a t io n  o f  S u lfu r ­
Kote on le a c h a te  l e v e l s  o f  n itrate-N +am m oniacal-N , ammoniacal-N, P 
and K le v e l s  averaged  betw een d a te s  over e ig h t  e x t r a c t io n  in t e r v a l s ,  
s i x  S u lfu rK ote  r a t e s ,  and th r e e  m ic ro n u tr ie n t m ixes. The to p  d re sse d  
method produced s ig n i f i c a n t ly  h ig h e r K l e v e l s  th ro u g h o u t th e  e x p e r i­
ment w h ile  th e  e x ac t o p p o s ite  was n o ted  f o r  le a c h a te  P l e v e l s .
Method o f  a p p l ic a t io n  had no s ig n i f i c a n t  in f lu e n c e  on NO^-N+NH^-N o r 
NH^-N betw een t e s t i n g  d a te s .
D ata in  Table 21 show a  com parison o f  th e  e f f e c t  o f  th r e e  m icro­
n u t r i e n t  mixes on ppm le a c h a te  n u t r i e n t  l e v e l s  averaged  between d a te s  
over e ig h t  e x t r a c t io n  i n t e r v a l s t two a p p l ic a t io n  m ethods, and s ix  
Su lfu rK ote  r a t e s .  M ic ro n u trie n t mixes had no s ig n i f ic a n t  in f lu e n c e
on NCL-N+NH,-N, NH.-N, and K le v e l s  between d a te s .  P r o - S ta r t  and 
i  4 4
zTable 19* A comparison o f  th e  e f f e c t  o f  s ix  ap p lica tion  ra tes  o f  SulfurKote 24-4-10 on
average ppm leach ate  K le v e ls  for  e igh t 1980 ex traction  in te r v a ls .
Days A fte r E stab lishm en t
R ate ■ 26 £0 5 k 68 82 110 i 2 i y
2.97 kg/m3 50.41c • 7 .15c 2 .55c 0.79b 0.15d 0 . 42b 0.21c
X
Ob
5.97 kg/m3 66.QObc 10.08c 3.36bc 0 . 56b 0.80bcd 0.53b 0 . 40bc Ob
8.91 kg/m3 102.83bc 14.38bc 6.48bc 1.63b 0.69cd 0.50b 0.37bc Ob
11.88 kg/m3 111.08b 23»05ab 7 .63bc 2 .15b 3.49b 0.20b 0.54b Ob
14.85 kg/m3 121.75b 23.07ab 10.98b 2.90b 3.34bc 0 .32b 0.65b 0 .45a
17.82 kg/m3 197.25a 31 .30a 28.28a 6.87a 6.81a 1.19a 0 .99a 0.24ab
Marketed by Sta-G reen P la n t Food Co., Sylacauga, AL.
y
A ll f ig u re s  a re  means o f  72 e x tra c t io n s ,  
x
Like l e t t e r  designations in d ica te  means th at are not s ig n if ic a n t ly  d if fe re n t a t the 5% l e v e l  using
Duncan's new m ultiple-range t e s t .
2
Table 20. A comparison o f  th e e f f e c t  o f  SulfurKote ap p lica tion  methods, top dressed v s .
incorporated, on ppm leach ate n u trien t le v e ls  averaged between dates over e ig h t 1980 ex traction
in te r v a ls , s ix  SulfurKote r a te s , and three m icronutrient mixes.
Method o f 
A p p lica tion
Top d ressed  














M arketed by S ta-G reen P la n t Food C o., Sylacauga, AL.
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A ll f ig u re s  a re  means o f  72 e x tra c t io n s ,  
x
Like l e t t e r  d e s ig n a tio n s  in d ic a te  means t h a t  a re  n o t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5% le v e l  u sing  
Duncan's new m u ltip le -ran g e  t e s t .
Table 21. A comparison o f  th e  e f f e c t  o f  th re e  m ic ro n u tr ien t mixes on ppm le a c h a te  n u tr ie n t  le v e ls  
averaged between d a tes  over e ig h t 1980 e x tra c t io n  in te r v a l s ,  two a p p lic a tio n  methods, and s ix  
SulfurK ote r a t e s .
M ic ro n u trie n t2





P ro -S ta r t 26. 04a- 10. 06a 8.54b
X
10.44a‘
FroGrow. 32 .04a 15.91a 7.83b 21.30a
Micromax 22 . 60a 9.53a . 9 .50a 15.69a
z
M arketed, r e s p e c tiv e ly , by: S ta-G reen P la n t Food Co., Sylacauga, AL; O.M. S c o tt and Sons Co.,
M ary sv ille , OH; and S ie r r a  Chemical Co., M ilp ita s , CA.
y
A ll f ig u re s  a re  means o f  72 e x tra c t io n s ,  
x
Like l e t t e r  d e s ig n a tio n s  in d ic a te  means t h a t  a re  n o t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5% l e v e l  using  
Duncan's new m u ltip le -ran g e  t e s t .
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ProGrow m ic ro n u tr ie n t mixes co n ta in ed  N-P-K in  t h e i r  fo rm u la tio n s  and 
o n ly  s in g le  superphosphate  was added w ith  Micromax. These d a ta  in d i ­
c a te  t h a t  e x tr a  N and K from P r o - S ta r t  and ProGrow were leach ed  o u t 
e a r ly  in  th e  experim ent and e x e r te d  no long  l a s t i n g  e f f e c t  upon le v e l s  
o f  th e s e  n u t r i e n t s .  On th e  o th e r  hand, th e  a d d i t io n a l  P a p p lie d  w ith  
th e  Micromax tre a tm e n ts  d id  n o t le a c h  e a r ly  and e x e r te d  a s ig n i f i c a n t  
in f lu e n c e  on P le v e l s  th ro u g h o u t th e  experim en t.
Table 22 compares th e  e f f e c t  o f  Su lfurK ote  r a t e s  on ppm n u t r i e n t
le v e l s  averaged  between d a te s  over e ig h t e x t r a c t io n  in t e r v a l s ,  two
methods o f  a p p l ic a t io n ,  and th re e  m ic ro n u tr ie n t m ixes. The d a ta  fo r
NO^-N+NH.-N and NH.-N le v e l s  show a c o n s is te n t  in c re a s e  w ith  in c re a s e s  3 4 4
in  a p p l ic a t io n  r a t e s  w ith  th e  h ig h e s t a p p l ic a t io n  r a t e ,  17.82 
b e in g  s ig n i f i c a n t ly  h ig h e r th a n  a l l  o th e r  r a t e s .  In  g e n e ra l, th e  
same tr e n d  in  d a ta  a p p lie s  to  K l e v e l s .  No s ig n i f i c a n t  d if f e re n c e s  
o ccu rred  in  P le v e l s  due to  r a t e  o f  a p p l ic a t io n  o f  Su lfu rK ote  24 -4 -10 . 
The la c k  o f  an ascending  o r descending  p a t te r n  o f  P le v e l s  i s  d i f f i c u l t  
to  e x p la in . T his may be a t t r i b u t a b l e ,  in  p a r t ,  to  v a ry in g  le v e l s  o f  
P in  i r r i g a t i o n  w a ter (T able 1 0 ).
Table 23 compares th e  e f f e c t  o f  tim e on NO^-N+NH^-N, NH^-N, P, 
and K le v e l s  averaged  betw een d a te s  over two a p p l ic a t io n  m ethods, s ix  
Su lfu rK ote  r a t e s ,  and th re e  m ic ro n u tr ie n t m ixes. As ex p ec ted , f o r  
NO^-N+NH^-N, days 26 and 40 were each s ig n i f i c a n t ly  h ig h e r th an  a l l  
o th e r  d a te s  fo llo w ed  by days 54 and 68, Days 82 th ro u g h  124 were 
s ig n i f i c a n t ly  low er th a n  o th e r  d a te s .  NH  ̂ and K were s ig n i f i c a n t ly  
h ig h e r a t  th e  f i r s t  t e s t i n g  d a te .  There was no s ig n i f i c a n t  d i f f e r ­
ence in  NH^-N le v e l s  a t  a l l  rem ain ing  d a te s .  P le v e l s  were s ig n i ­
f i c a n t ly  h ig h e r a t  th e  f i r s t  e x t r a c t io n  d a te  b u t no p re d ic ta b le
Table 22. A comparison o f  th e  e f f e c t  o f  s ix  a p p lic a tio n  r a te s  o f  SulfurK ote 24-4-10Z on ppm 
le a c h a te  n u tr ie n t  le v e ls  over e ig h t 1980 e x tra c t io n  in te r v a l s ,  two methods o f  a p p lic a tio n , and 
th re e  m ic ro n u tr ien t m ixes.




2.97 kg/m3 5.01c 0.91c 9.04a 7.71d
5.97 kg/m3 10.19c 2 . 69c 8 .73a 10.21cd
■8.91 kg/m3 16. 26c 4.08c 8 .51a 15. 86bcd
11.88 kg/m3 2 5 .79bc 10 .l6bc 8 .15a 1 8 .82bc
14.85 kg/m3 42 . 22b 17.83b 8.11a 10.43b
17.82 kg/m3 74.20a 35.33a 9.22a 3 4 .H a
M arketed by S ta-G reen P la n t Food C o ., Sylacauga, AL.
y
A ll f ig u re s  a re  means o f  72 e x tra c t io n s , 
x
Like l e t t e r  designations in d ica te  means th a t are not s ig n if ic a n t ly  d if fe re n t at th e 5$ le v e l  using
Duncan's new m ultiple-range t e s t .
Table 23.. A com parison o f  th e  e f f e c t  o f  tim e on ppm le a c h a te  n itrate-N +am raoniacal-N , ammoniacal-N, 
P, and K le v e ls  averaged over two a p p lic a t io n  methods, s ix  SulfurK ote r a t e s  and th re e  m ic ro n u tr ien t 
mixes*
Days A fte r
ab lishm ent NOq-N+NH. - n 
3. 4 NH.-N4 P Ky
26 96.07a 65.45a 15.16a 108.22aX
40 44*51b 13.71b 7.25c 18.17b
54 23.50c 5 * 00b 10 . 03b 9.88bc
68 23.47c 3 . 60b 5.00d 2 .48c
82 12. 52cd 4.48b 6 .70c 2>55c
96 . 3 .41d 1.10b 6.77c 0.53 c
110 2 . 36d 0.85b 7.59c 0.52c
124 9-21cd 0.49b 10 . 51b 0.11c
z
M arketed by S ta-G reen  P la n t Food C o., Sylacauga, AL.
y
A ll f ig u re s  a re  means o f  72 e x tr a c t io n s ,  
x
Like l e t t e r  designation^ in d ica te  means th a t are not s ig n if ic a n t ly  d if fe r e n t a t the 5% le v e l  using
Duncan's new m ultiple-range t e s t .
p a t te rn  fo r  le v e ls  o f  t h i s  n u tr ie n t  a re  e v id e n t. Data in  Table 23 
in d ic a te  t h a t  th e  e f fe c t iv e n e s s  o f  SulfurK ote 24-4-10 in  term s o f 
r e le a s e  o f  adequate le v e l s  o f  N i s  between 68 and 82 days and fo r  K 
between 54 and- 68 days.
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N utrient r e le a se  patterns obtained from 1980 media sam ples.
R e su lts  from an alyses o f  media samples comparing d if fe re n c e s  in  
methods o f a p p lic a t io n , m ic ro n u tr ien t m ixes, and SulfurK ote r a t e s  a re  
p re se n te d  in  Tables 24 th rough  45*
E f fe c t  o f  Method o f  A p p lic a tio n :
Data comparing e f f e c t s  o f  a p p lic a t io n  method on average ppm media 
n i t r a te -N  (NO^-N) le v e ls  a t  fo u r 1980 sam pling d a te s  a re  p re sen te d  in  
Table 24* Top d re s s in g  o f  SulfurK ote r e s u l te d  in  s ig n i f ic a n t ly  h ig h er 
media NO^-N le v e l s  a t  a l l  fo u r  d a te s  t e s t e d .  As was observed  w ith  
le a c h a te  e x tr a c t io n s ,  NO^-N le v e ls  rem ained h ig h e r when to p  d re s s in g  
was u t i l i z e d .
In c o rp o ra tio n  by m echanical means r e s u l t s  in  a  degree o f b reak­
age o f  th e  s u l f u r  co a tin g  o f  some o f  th e  g ra n u le s . Damaged g ran u les  
would th u s  r e le a s e  n u tr ie n ts  a t  a v e ry  high  r a t e  during  th e  f i r s t  two 
to  th r e e  weeks and low er th e  t o t a l  amount o f  n u tr ie n ts  rem aining in  
th e  s o i l  mass f o r  th e  rem ainder o f  th e  t e s t .  R elease  and le ac h in g  o f 
n u t r i e n ts  from damaged, g ran u le s  would th u s  have occu rred  p r io r  to  th e  
f i r s t  media sam pling d a te  o f  t h i s  s tu d y .
Table 25 compares th e  e f f e c t  o f  a p p lic a t io n  method on average ppm 
media P co n ten t a t  fo u r  I960 sam pling d a te s .  Top d re s s in g  r e s u l te d  in  
s ig n i f ic a n t ly  h ig h e r media P le v e ls  a t  day-33 and day-89 . No s i g n i f i ­
can t a p p lic a t io n  method in flu en c e  was observed  a t  e i th e r  day-60  o r  
day-116. Levels o f  P rem ained r e l a t i v e ly  h igh  th roughou t th e  s tu d y , 
re g a rd le s s  o f  a p p lic a t io n  method. This may be ex p la in ed  in  p a r t  by th e  
f a c t  th a t  le v e ls  o f  P in  th e  i r r i g a t i o n  w ater v a r ie d  from 2 .0  ppm to  
19 .0  ppm du rin g  th e  s tu d y  (Table 10 ).
Table 24* A comparison o f  th e  e f fe c t  o f  ap p lica tion  method, top  dressed vs incorporated, on average
ppm media n itra te-N  le v e ls  fo r  four 1980 sampling d ates.
Days A fte r E stab lishm en t
Method o f
A p p lica tio n 21 60 82 118
Top d ressed 162.33a 86.47a 56. 11a
y
75.22a
In co rp o ra ted 118.57b 32 . 36b 24.75b 30.88b
z
A ll f ig u re s  a re  means o f  72 media sam plings.
y
Like l e t t e r  designations in d ica te  means th a t are not s ig n if ic a n t ly  d if fe r e n t at the 57° le v e l  using
Duncan's new m ultiple-range t e s t .
Table 25» A comparison o f  th e e f fe c t  o f  ap p lica tion  method,, top dressed vs.- incorporated, on average
ppm media P le v e ls  fo r  four 198u sampling d a tes .
Days A fte r E stab lishm ent
Method o f
A p p lica tio n 22 60 8£ 118
Top d ressed 230.80a 189.69a 138.47a 85.58ay
In c o rp o ra ted 183.33b 191.30a 109.83b 100.77a
z
A ll f ig u re s  a re  means o f  72 media sam ples.
y
Like l e t t e r  d e sig n a tio n s  in d ic a te  means th a t  a re  n o t s ig n i f i c a n t ly  d i f f e r e n t  a t  th e  5% l e v e l  using  
Duncan*s new m u ltip le -ran g e  t e s t .
Table 26 shows th a t  a t  a l l  sam pling d a te s , th e  to p  d ressed  method 
o f  a p p lic a t io n  r e s u l te d  in  s ig n i f ic a n t ly  h ig h e r ppm media K le v e ls  
as compared to  in c o rp o ra tio n . Levels o f  K were a lso  observed  to  de­
c rease  w ith  tim e . These d a ta  f u r th e r  s u b s ta n t ia te  le a c h a te  r e s u l t s  
which in d ic a te d  th a t  to p  d re s s in g  re le a s e d  K over a lo n g e r p e r io d  o f  
tim e.
Table 27 compares th e  e f f e c t  o f  a p p lic a t io n  method on media pH 
le v e l s  a t  fo u r 1980 sam pling d a te s . At day-33> to p  d re ss in g  produced 
s ig n i f ic a n t ly  h ig h e r pH l e v e l s .  This may be ex p la in ed  in  p a r t  by th e  
f a c t  t h a t  due to  c rack in g  o f  th e  s u l f u r  coated  g ran u les  in  th e  in c o r­
p o ra tio n  p ro c e ss , b o th  n i t r a te - N  and s u l f u r  were re le a s e d  a t  a very  
h igh  r a t e  e a r ly  in  th e  s tu d y . This would r e s u l t  in  an i n i t i a l  low er­
ing  o f  media pH. I t  should  be n o ted  a lso  t h a t  th e  to p  d ressed  method 
showed a c o n s is te n t  decrease  in  pH from day-33 th rough  day-118 and 
th e  in c o rp o ra te d  method showed a c o n s is te n t  in c re a se  du ring  th e  same 
p e rio d .
Table 28 compares th e  e f f e c t  o f  SulfurK ote a p p lic a tio n  method 
on average ppm media Ca le v e l s  a t  th e  fo u r 1980 sam pling d a te s .  No 
s ig n i f ic a n t  d if f e re n c e  was n o ted  a t  day-33. From day-60 th rough 
day-118, however, in c o rp o ra tio n  o f  SulfurK ote r e s u l te d  in  s i g n i f i ­
c an tly  h ig h e r ppm media Ca le v e l s .  The pH le v e ls  were a lso  s i g n i f i ­
c a n tly  h ig h e r a t  th e se  th re e  d a te s  (T able 2 7 ).
Data in  Table 29 show a com parison o f  d if fe re n c e s  in  a p p lic a tio n  
method on average ppm media Mg le v e ls  a t  fo u r  1980 sam pling d a te s .
On day-33i day-60, and day-118, th e  in c o rp o ra te d  method r e s u l te d  in  
s ig n i f ic a n t ly  h ig h e r media Mg l e v e l s .  In  g e n e ra l, Mg p a t te r n  c o r re l­
a te s  w ith  Ca and pH p a t te r n s .
Table 2 6 . A comparison o f  the e f fe c t  o f  ap p lica tion  method, top  dressed v s . incorporated, on
average ppm media K le v e ls  fo r .fo u r  1980 sampling d ates.
Days A fte r  E stab lishm ent
Method o f
A p p lica tion 21 60 82 118Z
Top d ressed 446.80a 289.88a 193.00a 123.30ay
In co rp o ra ted 198.52b 88.66b 48c 3 8b 43.19b
z
A ll f ig u re s  a re  means o f  72 media sam ples.
y
Like l e t t e r  d es ig n a tio n s  in d ic a te  means t h a t  a re  no t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5% le v e l  using  
Duncan's new m u ltip le -ran g e  t e s t .
Table 27 . A comparison o f  the e f f e c t  o f  ap p lication  method, top dressed v s .  incorporated, on average
media pH le v e ls  for  fo u r .1980 sampling d ates.
Days A fte r  E stab lishm ent
Method o f
A p p lica tio n 2 1 60 82 118Z
Top d ressed 6.87a 6.28b 6.19b 6.03by
In co rp o ra ted 6 .6 lb 6 .45a 6 .66a 7.06a
z
A ll f ig u re s  a re  means o f  72 media sam ples.
y
Like l e t t e r  d es ig n a tio n s  in d ic a te  means t h a t  a re  n o t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5% le v e l  
u sing  Duncan's new m u ltip le -ran g e  t e s t .
Table 28 . A comparison o f  the e f fe c t  o f  ap p lica tion  method, top dressed vs incorporated, on average
ppm media Ca le v e ls  for  four 1980 sampling d a tes.
Davs A fte r E stab lishm ent
Method o f 
A p p lica tion
Top d ressed
In co rp o ra ted
z
A ll f ig u re s  a re  means o f  72 media sam ples.
y
Like le t t e r  designations in d ica te  means th at are not s ig n if ic a n t ly  d if fe re n t a t the 5% le v e l  using













Table 29 ., A comparison o f  the e f fe c t  o f  ap p lica tion  method top  dressed vs incorporated, on average
ppm media Mg le v e l s  fo r  four 1980 sampling d a tes .
Days A fte r  E stab lishm en t
Method o f  
A p p lica tio n 22 60 82 118Z
Top d ressed 407.75b 406.22b 387.80a
y
251 . 19b
Inco rp o ra ted . 457.69a 440.47a 419.80a 376 . 25a
z
A ll f ig u re s  a re  means o f  72 media sam ples.
y
Like l e t t e r  designations in d ica te  means th a t are not s ig n if ic a n t ly  d if fe r e n t a t th e 5% l e v e l  using
Duncan's new m ultiple-range t e s t .
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E f fe c t  o f  M ic ro n u tr ie n t Mix:
Data comparing th e  e f f e c t s  o f  th re e  m ic ro n u tr ie n t mixes on av er­
age ppm n i t r a te - N  le v e l s  in  m edia f o r  fo u r  1980 sam pling d a te s  a re  
shown in  T able 30 . At a l l  d a te s ,  NO^-N c o n te n t rem ained s ig n i f i c a n t ly  
h ig h e r  when P r o - S ta r t  was in  th e  m edia. Both P r o - S ta r t  and ProGrow 
in c lu d e  n itro g e n  (1 .2  l b .  N and 0 .8 4  l b .  N, r e s p e c t iv e ly )  in  t h e i r  
packaging  w hile  Micromax does n o t .
Table 31 compares th e  e f f e c t  o f  th re e  m ic ro n u tr ie n t mixes on 
average ppm media P le v e l s  a t  fo u r  198O sam pling d a te s .  C o n s is te n tly  
h ig h e r P le v e l s  a re  n o ted  when Micromax was u t i l i z e d  as th e  m icro­
n u t r i e n t  mix. This i s  due to  th e  f a c t  t h a t  2 .3 8  kg/m^ s in g le  su p e r -  
phosphate^ was in c o rp o ra te d  in to  t h i s  tre a tm e n t in  accordance w ith  
m a n u fa c tu re rs1 recom m endations in  use o f  Micromax. A d d itio n a lly , 
le v e l s  o f  P in  th e  i r r i g a t i o n  w ater v a r ie d  from 2 .0  ppm to  19 .0  ppm 
d u rin g  th e  s tu d y  (T able 1 0 ), This in f lu e n c e , however, would r e s u l t  in  
h ig h e r P le v e l s  e q u a lly  over th e  e n t i r e  experim ent a t  a  p a r t i c u la r  
d a te .  Table 32 shows t h a t  a t  a l l  sam pling d a te s ,  m ic ro n u tr ie n t mixes 
had no s ig n i f i c a n t  in f lu e n c e  on media K l e v e l s ,  even though P r o -S ta r t  
and ProGrow have K in  t h e i r  packaging  w h ile  Micromax does n o t .  I t  
sh o u ld  be n o te d , however, t h a t  P r o -S ta r t  and ProGrow had h ig h e r K 
le v e l s  a t  day-60 and day—89, even though D uncan's m u ltip le - ra n g e  t e s t  
showed no s ig n if ic a n c e .
Table 33 compares th e  e f f e c t  o f  m ic ro n u tr ie n t mixes on average 
media pH le v e l s  a t  th e  fo u r  sam pling d a te s .  At day-33 , ProGrow r e ­
s u l te d  in  s ig n i f i c a n t ly  h ig h e r media pH l e v e l s ,  w h ile  a t  day-89, P ro -  
S t a r t  gave a s ig n i f i c a n t ly  h ig h e r pH re a d in g . Both P r o -S ta r t  and 
ProGrow were s ig n i f i c a n t ly  h ig h e r th a n  Micromax a t  day-60 . These
Table 3 0 . A com parison o f  th e  e f f e c t  o f  th r e e  m ic ro n u tr ien t 
fo r  fo u r  1980 sam pling d a te s .
mixes on average ppm media n i t r a te -N  le v e ls
Days A fte r  E stab lishm en t
M ic ro n u trie n t2
Mix 21 60 82 I l f
P ro -S ta r t 178.20a 67. 70a 49.91a 70.79ax
ProGrow 122.00b 6 0 .54a 37.66b 44.79b
Micromax 121.26b 50.00b 33.70b 43.58b
z
M arketed, r e s p e c tiv e ly , by: S ta-G reen P la n t Food C o., Sylacauga, ALj O.M. S co tt & Sons, Co., M ary sv ille ,
OH; and S ie r r a  Chemical Co., M ilp ita s , CA.
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A ll f ig u re s  a re  means o f  72 media sam ples, 
x  *
Like l e t t e r  d e sig n a tio n s  in d ic a te  means th a t  a re  no t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5$ le v e l  u sing  
Duncan's new m u ltip le -ran g e  t e s t .
Table 3 1 . A comparison o f  the e f fe c t  o f three m icronutrient mixes on average ppm media P le v e ls  for  four
1980  sampling dates.
■ Davs A fte r  E stab lishm ent
M ic ro n u trien t2
Mix 21 60 §2 I l f
P ro -S ta r t 200. 79b 188.29a ' 102.95b 73.20b
ProGrow 162.83c 175.91a 110.16b 92.20ab
Micromax 256 . 08a 207.29a 159.33a 114.12a
M ark e ted , r e s p e c tiv e ly , by: Sta-G reen P la n t Food C o., Sylacauga, AL; O.M. S c o tt & Sons, Co., 
M ary sv ille , OH; and S ie r r a  Chemical Co., M ilp ita s , CA.
y
A ll f ig u re s  a re  means o f  72 media sam ples, 
x
Like l e t t e r  d es ig n a tio n s  in d ic a te  means th a t  a re  no t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5$ le v e l  using  
Duncan's new m u ltip le -ran g e  t e s t .
Table 32. A comparison o f  th e e f f e c t  o f  three m icronutrient mixes on average ppm media K le v e ls  for  four
1980  sampling d a tes .
Days A fte r E stab lishm en t
2
M icro n u trien t
Mix 2 2 - 60 S i I l f
P ro -S ta r t 328.20a 184.58a 129. 70a 76.70ax
ProGrow 313.66a 213.20a 126.45a 78.66a
Micromax 326.12a 170.04a 105.91a 94.37a
z
M arketed, re s p e c t iv e ly ,  by: S ta-G reen P la n t Food C o., Sylacauga, AL; O.M. S c o tt & Sons, Co., 
M ary sv ille , OH; and S ie r r a  Chemical C o., M ilp ita s , CA.
y
A ll f ig u re s  a re  means o f  72 media sam ples, 
x
Like l e t t e r  designations in d ica te  means th at are not s ig n if ic a n t ly  d if fe r e n t at the 5$ l e v e l  using
Duncan's new m ultiple-range t e s t .
Table 33. A comparison o f  the e f fe c t  o f  three micronutrient mixes on average media pH le v e ls  for four
1980 sampling dates.
Days A fte r  E stab lishm ent
z
M icro n u trien t
Mix 2 1 60 ' §2 l l i f
P ro -S ta r t 6 . 70b
*
6 . 47a 6 . 6l a 6 . 63ax
ProGrow 6.92a 6 , 44a 6.26b 6.49a
Micromax 6 .6 lb 6.20b 6 . 40b 6.52a
z
M arketed, r e s p e c tiv e ly , by: Sta-G reen P la n t Food C o., Sylacauga, AL; O.M. S c o tt & Sons, Co., 
M ary sv ille , OH; and S ie r r a  Chemical C o., M ilp ita s , CA.
y
A ll f ig u re s  a re  means o f  72 media sam ples, 
x
l ik e  l e t t e r  d e sig n a tio n s  in d ic a te  means th a t  a re  n o t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5$ le v e l  u sing  
Duncan's new m u ltip le -ran g e  t e s t .  g
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d a ta  in d ic a te  t h a t  m ic ro n u tr ie n t mix d id  n o t e x e r t  a c le a r ly  defined  
e f f e c t  upon pHo
Data comparing th e  e f f e c t s  o f  th re e  m ic ro n u tr ie n t mixes on aver­
age ppm Ca le v e ls  fo r  fo u r  198O media sam pling d a te s  a re  shown in  
Table 3 4 . At a l l  fo u r  d a te s , P ro -S ta r t  r e s u l te d  in  s ig n i f ic a n t ly  
h ig h e r media Ca l e v e l s .  These h igh  Ca le v e ls  f o r  P r o -S ta r t  a re  in  
agreement w ith  th e  g e n e ra lly  h ig h e r pH read in g s  fo r  th e  P ro -S ta r t  
tre a tm e n t (Table 33)»
Table 35 compares th e  e f f e c t  o f  th re e  m ic ro n u tr ie n t mixes on 
average ppm media Mg le v e ls  a t  th e  fo u r  sam pling d a te s .  At day-33 
and day-60, ProGrow in  th e  media had s ig n i f ic a n t ly  h ig h e r Mg le v e l s .  
No s ig n i f ic a n t  in f lu e n c e  was no ted  a t  e i th e r  day-89 o r  day-118.
Once a g a in , th e se  h igh  Mg le v e ls  f o r  ProGrow a t  day-33 and day-60 can 
be c o r re la te d  w ith  th e  s ig n i f ic a n t ly  h ig h e r pH le v e ls  a t  th e  same 
d a te s .
E f fe c t  o f  SulfurK ote A p p lica tio n  R ate :
Table 36 compares th e  e f f e c t  o f  s ix  a p p lic a t io n  r a te s  o f  S u lfu r­
Kote 24-4-10 on average ppm media n i t r a te -N  le v e ls  measured a t  fo u r 
1980 sam pling d a te s .  On day-33» day-60, and day-89 , th e  17.82 kg/m? 
r a t e  r e s u l te d  in  s ig n i f ic a n t ly  h ig h e r NO^-N le v e l s .  On day-118, t h i s  
p a t te r n  was no t e v id e n t . N itra te -N  le v e l s  in  media showed in c re a se s  
c o n s is te n t  w ith  in c re a se s  in  a p p lic a t io n  r a t e s  a t  day-331 day-60 , and 
day-89* These d a ta  show e s s e n t ia l ly  th e  same tre n d s  as d id  le a c h a te  
e x tr a c t io n s .
Table 37 compares th e  e f f e c t s  o f  s ix  SulfurK ote r a te s  on average 
ppm media P le v e ls  measured a t  fo u r  1980 sam pling d a te s .  Levels o f
Table 34. A comparison o f  the e f f e c t  o f  th ree m icronutrient mixes on average ppm media Ca le v e ls  for  four
1980  sampling dates,,
Days A fte r E stab lishm ent
z
M icro n u trien t
Mix 22 6o 22 l! 8 y
P ro -S ta r t 1494.50a 1872.66a I 87S.00a 1712.50ax
ProGrow 1229. 70c 1578.87b 1473.04c 1377.70b
Micromax 1377.62b 1619. 00b 1689.58b 1507.83b
M arketed, r e s p e c tiv e ly , by: S ta-G reen P la n t Food C o., Sylacauga, AL; O.M. S c o tt & Sons, Co., 
M ary sv ille , OH; and S ie r r a  Chemical C o., M ilp ita s , CA.
y
A ll f ig u re s  a re  means o f  72media sam ples.
x
l ik e  l e t t e r  d e sig n a tio n s  in d ic a te  means th a t  a re  no t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5% l e v e l  using  
Duncan's new m u ltip le -ran g e  t e s t .
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Table 35* A comparison o f  the e f f e c t  o f  three m icronutrient mixes on average ppm media Mg content for  four
1980  sampling dates.
Days A fte r E stab lishm ent
z
M icro n u trien t
Mix 231 60 82 na7
P ro -S ta r t 388.45b 411.41b 397.12a 325.75ax
ProGrow 494.41a 455.93 a 412. 20a 296.75a
Micromax 415.29b 402. 66b 402.08a 318.66a
z
M arketed, r e s p e c tiv e ly , by: S ta-G reen P la n t Food C o., Sylacauga, AL: O.M. S co tt & Sons, Co0,
M ary sv ille , OH; and S ie r r a  Chemical Co0, M ilp ita s , CA.
y
A ll f ig u re s  a re  means o f  72 media sam ples.
x
Like l e t t e r  d e sig n a tio n s  in d ic a te  means th a t  a re  no t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  %  l e v e l  u sing  
Duncan's new m u ltip le -ran g e  t e s t .
09
nO
Table 36 . A comparison o f  the e f f e c t  o f s ix  ap p lica tion  ra tes  o f  SulfurKote 24-4-10Z on average ppm
media n itra te-N  le v e ls  measured at four 1980 media sampling d ates.
Days A fte r  E stab lishm ent
Rate 22 60 82 u £
2.97 kg/m3 66*4id l6 ,0 0 f I 8 . 41d 27.83bx
5.97 kg/m3 122.41c 29.41e 30.08cd 67 . 58a
8.91 kg/m3 149*90bc 5 3 .41d 34.91bc 55.91ab
11.88 kg/m3 136.33bc 71. 66c 42.50bc 6 1 .83a
14.85 kg/m 3 172. l 6ab 84.91b 47.66b 55.58ab
17.82 kg/m3 198.08a 101.08a 69.00a 49.58ab
Marketed by Sta-G reen P la n t Food C o., Sylacauga, AL.
y
A ll f ig u re s  a re  means o f  72 media sam ples.
x
Like le t t e r  designations in d ica te  means th a t are not s ig n if ic a n t ly  d if fe r e n t a t th e 5$ le v e l  using
Duncan's new m ultiple-range t e s t .
Table 37 . A comparison o f  the e f f e c t  o f  s ix  ap p lica tion  ra tes  o f  SulfurKote 24-4~10Z on average ppm P
le v e ls  measured a t four 1980 media sampling d ates.
Days A fte r  E stab lishm en t
R ate 21 60 *2 u s 7
2 .97  kg/nr3 I I 8058d 151. 25c 94.00b 72.08a
5.97 kg/m3 163.08c 166.91c 121.41b 105.91a
8.91 kg/m3 191.91c 149.41c 114.91b 88.50a
11.88 kg/m3 234.25b. 187.08bc 117. 00b 84 . 66a
14.85 kg/m3 254.41ab 233 * 66ab 128.16b 103.08a
17.82 kg/m3 277.16a 254.66a 169.41a 104.83a
z
M arketed by Sta-G reen P la n t Food C o., Sylacauga, AL.
y
A ll f ig u re s  a re  means o f  72 media sam ples.
x
Like l e t t e r  d e sig n a tio n s  in d ic a te  means th a t  a re  n o t s ig n i f i c a n t ly  d i f f e r e n t  a t  th e  5% l e v e l  u s in g  
Duncan's new m u ltip le -ran g e  t e s t .
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P g e n e ra lly  in c re a se d  as S u lfurK ote  r a t e s  increasedo  The 17-82 
kg/nr* r a t e  r e s u l te d  in  s ig n i f i c a n t ly  h ig h e r m edia P le v e l s  a t  day-33, 
day-60 , and day-89 . At day-118 th e re  were no s ig n i f i c a n t  d if f e r e n c e s  
betw een t r e a tm e n ts .  I t  i s  i n t e r e s t in g  to  n o te  t h a t  P l e v e l s  in  th e  
1980 media sam ples a re  more c o n s is te n t  th a n  P le v e l s  in  1980 le a c h a te  
e x tr a c t io n s  (T able 1 8 ).
D ata comparing d if f e r e n c e s  in  s ix  Su lfu rK ote  r a t e s  on average 
ppm media K le v e l s  m easured a t  fo u r  1980 sam pling d a te s  a re  shown in  
Table 38* At a l l  fo u r  d a te s ,  th e  17.82 kg/n?  r a t e  r e s u l t e d  in  s ig n i ­
f i c a n t ly  h ig h e r media K con ten to  K le v e l s  in  media showed in c re a s e s  
c o n s is te n t  w ith  in c re a s e s  in  a p p l ic a t io n  r a t e s .  Levels o f  K a lso  
c o n s is te n t ly  d ecreased  w ith  time*
Table 39 compares th e  e f f e c t  o f  s ix  a p p l ic a t io n  r a t e s  o f  S u lfu r­
Kote 2i+-4-10 on average media pH le v e l s  m easured a t  fo u r  1980 sampl­
in g  d a te s .  At day-33, th e  14-85 kg/rn^ r a t e  r e s u l te d  in  a  s ig n i f i c a n t ­
ly  h ig h e r  pH. At day-60, day-89 , and day-118, pH le v e ls  were s ig n i ­
f i c a n t  ly  h ig h e r a t  th e  2 .97  kg/m^ r a t e .  A fte r  day-33 th e  two low er 
r a t e s  o f  Su lfu rK ote  showed an in c re a s e  in  pH ov er tim e and th e  th re e  
h ig h e r r a t e s  showed a  d ecrease  in  pH over tim e .
Table 40 compares th e  e f f e c t  o f  s i x  a p p l ic a t io n  r a t e s  e f  S u lfu r ­
Kote 24-4-10  on average ppm media Ca le v e l s  m easured a t  fo u r  1980 
sam pling d a te s .  No c le a r ly  d e fin e d  t r e n d  i s  ev idenced  in  th e  media 
Ca d a ta .  R e su lts  o f  a n a ly se s  f o r  day-60 and day-89 , however show 
h ig h e r Ca le v e l s  f o r  low er Su lfu rK ote  r a t e s  and low er Ca le v e l s  fo r  
h ig h e r Su lfu rK ote  r a t e s -  L evels a t  th e s e  d a te s  ag ree  w ith  th e  t r e n d  
n o ted  in  pH re a d in g s  (T able 3 9 )-
Table 38 • A comparison o f  th e  e f fe c t  o f  s ix  ap p lication  ra tes  o f  SulfurKote 24-4-10 on average ppm K
le v e ls  measured at four 1980  media sampling d ates.
Days A fte r  E stab lishm ent
Rate
3 22





9.97 kg/m 276.50c 176.58b 85 . 50bc 91 .00bc
8.91 kg/nr* 311.25bc 135.08b 72.83c 51.08c
11.88 kg/m3 349.25b 167.16b 103.91bc 44.83c
14.85 kg/m3 413.41a 220.75ab 131.00b 104.33ab
17-82 kg/m3 421. 16a 307.58a 251.50a 149.41a
M arketed by S ta-G reen P la n t Food C o., Sylacauga, AL.
y
A ll f ig u re s  a re  means o f  72 media sam ples, 
x
l ik e  le t t e r  designations in d ica te  means th at are not s ig n if ic a n t ly  d if fe r e n t at the 5$  le v e l  using
Duncan's new m ultiple-range t e s t .
Table 39* A comparison o f the e f fe c t  o f  s ix  ap p lica tion  ra te s  o f  SulfurKote 24-4-10Z on average pH
le v e ls  measured at four 1980  media sampling d ates.
Davs A fte r E stab lishm ent




6,65cd 6.75a 7.13 a 7 .42ax
5.97 kg/m 6.55d 6.57b 7 .0 3 a 7.11b
8.91 kg/m3 6.65cd 6 . 43b 6.58b 6.55c
11,88 kg/m3 6 .83ab 6 . 15c 6.13c 6 .26d
14.85 kg/m 6 . 98a 6.22c 5.84d 6.05de
17.82 kg/m3 6.79bc 6.08c 5.85d 5.89e
Marketed by Sta-G reen P la n t Food C o., Sylacauga, AL.
y
A ll f ig u re s  a re  means o f  72 media sam ples, 
x
l ik e  le t t e r  designations in d ica te  means th at are not s ig n if ic a n t ly  d if fe re n t at the 5% l e v e l  using
Duncan's new m ultiple-range t e s t .
Table 40 • A comparison o f  s ix  applied  ra tes o f  SulfurKote 24-4~lOZ on average ppm media Ca le v e ls
measured at four 1980  media sampling d ates.
Davs A fte r  E stab lishm en t
R ate 21 60 §2
3
2 .97  kg/m 1303.41c 1802.25a 1885.83a 1484.00bx
5.97 kg/m3 1451.25ab 1818.00a 1837.08a 1744.10a
8.91  kg/m3 1475.58a 1723. 66ab 1666. 00b 1607. 91ab
11.88 kg/m3 1329.50bc 1604.91b 1623.58bc 1553.OOab
14.85 kg/m3 1304.08c 1590.50b 1470.08c 1448.00b
17.82 kg/m3 1339.83bc 1601.75b 1598.66bc 1389.00b
M arketed by Sta-G reen P la n t Food C o., Sylacauga, AL.
y ■
A ll f ig u re s  a re  means o f  72 media sam ples, 
x
lake l e t t e r  designations in d ica te  means th a t are not s ig n if ic a n t ly  d if fe r e n t a t the 5$  le v e l  using
Duncan's new m ultiple-range t e s t .
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Table 41 compares th e  e f f e c t  o f  s ix  a p p l ic a t io n  r a t e s  o f  S u lfu r­
Kote 24-4-10  on average ppm media Mg le v e l s  measured a t  fo u r  1980 
sam pling d a te s .  As was th e  case  w ith  Ca, Mg le v e ls  d id  n o t fo llo w  a 
c l e a r ly  d e f in e d  t r e n d  o th e r  th a n  low er r a t e s  o f  Su lfu rK ote  showing 
s ig n i f i c a n t ly  h ig h e r le v e ls  o f  Mg a t  days-89 and 118, G en era lly  Mg 
le v e l s  c lo s e ly  ag reed  w ith  l e v e l s  o f  Ca (T able 40) and pH (T able  3 9 ) ,
E f fe c t  o f  Method o f  A p p lic a tio n , M ic ro n u tr ie n t Mix, S u lfurK ote  R ates 
and Time Averaged Between D ates:
Table compares th e  e f f e c t  o f  a p p l ic a t io n  method o f  Su lfu rK ote  
on media l e v e l s  o f  n i t r a te - N , P , K, Ca, Mg, and pH averaged  betw een 
d a te s  over fo u r  sam pling d a te s ,  s ix  Su lfu rK ote  r a t e s ,  and th re e  m icro­
n u t r i e n t  m ixes. Top d re s s in g  produced s ig n i f i c a n t ly  h ig h e r NO^-N, P, 
and K le v e l s  w h ile  in c o rp o ra t io n  showed s ig n i f i c a n t ly  h ig h e r l e v e l s  
o f  Ca, Mg, and pH betw een sam pling d a te s .  These d a ta  f o r  K le v e l s  
show e s s e n t i a l l y  th e  same tre n d s  as d id  le a c h a te  e x t r a c t io n s .  In  con­
t r a s t ,  however, to  th e  le a c h a te  e x t r a c t io n  d a ta , in c o rp o ra tio n  showed 
s ig n i f i c a n t ly  h ig h e r le v e l s  o f  P w hile  method o f  a p p l ic a t io n  had no 
s ig n i f i c a n t  in f lu e n c e  on n i tro g e n  le v e l s  (T able 2 0 ) ,
D ata in  Table 43 show .the e f f e c t s  o f  th r e e  m ic ro n u tr ie n t mixes 
on ppm m edia n u t r i e n t  l e v e l s  averaged  betw een d a te s  over fo u r  sam pl­
ing  d a te s ,  s i x  S u lfu rK ote  r a t e s ,  and two a p p l ic a t io n  m ethods, P ro -  
S t a r t  p roduced s ig n i f i c a n t  in f lu e n c e  on n i t r a te - N  and Ca c o n te n t , as 
w e ll as pH. ProGrow showed s ig n i f i c a n t ly  h ig h e r  Mg le v e l s  betw een 
d a te s .  Micromax r e s u l te d  in  s ig n i f i c a n t ly  h ig h e r P le v e l s  due to  
added superphosphate  f o r  t h i s  t re a tm e n t .  Media K c o n ten t was n o t
Table 41 ■» A. comparison o f  the e f fe c t  o f  s ix  ap p lica tion  ra tes  o f  SulfurKote 24-4-102 on average ppm
media Mg le v e ls  measured a t four 1980 media sampling dates.
Days A fte r E stab lishm ent
R ate 22. 60 82 I l f
3
2 .97  kg/m 357.00b 486.33a 557.50a 3 6 l.08abx
5.97 kg/m3 428.41a 451.50ab 510.33a 399.58a
8.91  kg/m3 450.33a 414. 00bc 393.25b 339.66b
11.88 kg/m3 460. 08a 378.91c 347.33b 283.91c
14.85 kg/m3 456.41a 381.08c 262.25c 267.91c
17.82 kg/m3 444°16a 428.25abc 352.16b 230.16c
z
M arketed by S ta-G reen P la n t Food C o., Sylacauga, AL.
y
A ll f ig u re s  a re  means o f  72 media sam ples.
x
Like le t t e r  designations in d ica te  means th a t are not s ig n if ic a n t ly  d if fe r e n t at the 5% l e v e l  using
Duncan’s new m ultiple-range t e s t
Table 42. A comparison o f  the e f f e c t  o f  ap p lica tion  method., top dressed v s .  incorporated, on ppm media
nu trien t and pH le v e ls  averaged between dates over four 1980 media sampling d ates, s ix  SulfurKote r a te s ,
and three m icronutrient m ixes.
N03-N P K Ca Mg PHZ
95.03a 161.13a 263.25a 1435.0$b 363.24b 6.35by
51.17b 146. 06b 94.69b 1702.59a 423.55a 6 .70a
z
A ll f ig u re s  a re  means o f  72 media sam ples.
y
Like l e t t e r  d e sig n a tio n s  in d ic a te  means th a t  a re  n o t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5% le v e l  u sing  
Duncan's new m u ltip le -ran g e  t e s t .
Method of 
A pp lica tion
Top Dressed
In co rp o ra ted
Table 43* A comparison o f  th e e f fe c t  o f  three m icronutrient mixes on media nu trien t and pH le v e ls
between dates over four 19*30 media sampling d ates, two app lica tion  methods, and s ix  SulfurKote r a te s .
M icro n u trien tz 
Mix N03-N P K Ca Mg
P ro -S ta r t 91.65a 141.31 179.80a ,1743.16a 380.68b 6 . 60aX
ProGrow 66. 25b 135.28b 183.00a 1414.83c 414.83a 6.53b
Micromax 61.51b 184.20a 1 7 4 .H a 1548.51b 384.67b 6.43 c
z
M arketed, r e s p e c tiv e ly , by: Sta-G reen P la n t Food C o., Sylacauga, AL; 0m. S c o tt and Sons Co.,
M ary sv ille , OH; and S ie r r a  Chemical C o., M ilp ita s , CA.
y
A ll f ig u re s  a re  means o f  72 media sam ples.
x
Like le t t e r  designations in d ica te  means th at are not s ig n if ic a n t ly  d if fe re n t a t the 5$ le v e l  losing
Duncan’s new m ultiple-range t e s t .
s ig n if ic a n t ly  in fluenced  by m icronutrient mixes between sampling
dates.
Table 44 compares th e  e f f e c t  o f  s ix  SulfurK ote r a te s  on ppm 
n u t r ie n t  le v e ls  averaged between d a te s  over fo u r sam pling d a te s , two 
a p p lic a t io n  methods, and th re e  m ic ro n u tr ie n t m ixes. Levels o f  s o i l  
NO^-N, P, and K were s ig n i f ic a n t ly  h ig h e r a t  th e  h ig h e r SulfurK ote 
r a t e s .  Ca, Mg, and pH le v e ls  were s ig n i f ic a n t ly  h ig h e r a t  th e  low er 
SulfurK ote r a t e s .
Table 45 compares th e  e f f e c t  o f  tim e on n itra te r-N , P, K, Ca, Mg, 
and pH le v e ls  averaged between d a te s  over two a p p lic a t io n  methods, 
s ix  SulfurK ote r a t e s ,  and th re e  m ic ro n u tr ie n t m ixes. Levels o f 
NO^-N, P,' K, Mg, and pH were s ig n i f ic a n t ly  h ig h e r a t  day-33. A fte r 
day-33, le v e ls  o f  th e se  n u tr ie n ts  showed a sy stem a tic  decrease  w ith  
each succeeding  d a te . S ig n i f ic a n t ly  h ig h er le v e ls  o f  Ca occu rred  on 
days-60  and 89.
2
Table 44* A. comparison o f  the e f fe c t  o f  s ix  ap p lica tion  ra tes  o f  SulfurKote 24-4-10 on ppm nu trien t
and pH le v e ls  averaged over four 1980 media sampling dates, two methods o f  app lica tion  and three m icro-
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5.97 kg/m3 62.37d 139.33b 157.39c 1712. 62a 447.45a 6.82b
8.91 kg/m3 71.91cd 136.18b 142.56cd 1618.29b 399.31b 6.55c
11.88 kg/m3 78.08c 155.75b 166.29c 1527.75bc 367.56c 6.34d
14.85 kg/m3 90.08b 179.83 a 217.37b 1453.16c 341 . 91c 6 . 27d
17.82 kg/m3 104.43a 201. 52a 282.41a 1482.31c 363 . 66c 6 . 15e
z
M arketed by Sta-G reen P la n t Food C o., Sylacauga, AL.
y
A ll f ig u re s  a re  means o f  72 media sam ples, 
x
Like le t t e r  designations in d ica te  means th a t are not s ig n if ic a n t ly  d iffe re n t at the 5$ le v e l  using
Duncan’s new m ultiple-range t e s t .
Table 45« A comparison o f  th e e f f e c t  o f  time on ppm media le v e ls  o f  n itra te -N , P, K, Ca, Mg, and pH
averaged between dates over two ap p lica tion  methods, s ix  SulfurKote r a te s , and th ree  m icronutrient mixes.
Days A fte r 
E stab lishm ent
NO^-N P K Ca
33 140. 76a 206.56a 322.66a 1367.27c 432.72a 6 .74aX
60 59.41b 190.50a 189.27b 1690.18a 423.34ab 6.37c
89 40.430 124.15b 120.69c 1680.20a 403.80b 6.43 c
118 53.05b 93.18c 83.25d 1537.68b 313.72c 6.55b
y
A ll f ig u re s  a re  means o f  72 media sam ples, 
x
Like le t t e r  designations in d ica te  means th at are not s ig n if ic a n t ly  d if fe re n t at the 5$ le v e l  using
Duncan’s  new m ultiple-range t e s t .
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Plant q u a lity  ra tin g s  fo r  1980 SulfurKote f e r t i l i z e r  study°
T ables 46 and 47 compare th e  e f f e c t  o f  s ix  r a t e s  o f  Su lfu rK ote  
24- 4-IO  on n in e  p la n t  sp e c ie s  as de term ined  by q u a n t i ta t iv e  v i s u a l  
growth and c o lo r  r a t in g s  ta k e n  a t  day-99  and day-143  o f  th e  s tu d y . 
C rapem yrtle  was n o t in c lu d ed  in  th e  day-143 r a t in g  due to  th e  f a c t  
t h a t  f a l l  senescence  had begun f o r  t h i s  s p e c ie s .  A 1-10 r a t in g  s c a le  
was u t i l i z e d ,  w ith  10 r e p re s e n t in g  b e s t  g ro w th /c o lo r and 1 be ing  dead. 
As ex p ec ted , each  o f  th e  p la n t  s p e c ie s  d i f f e r e d  in  i t s  f e r t i l i z e r  and 
pH req u irem en ts  and, th e r e f o r e ,  r e a c te d  d i f f e r e n t ly  to  v a ry in g  f e r t i ­
l i z e r  r a t e s  and pH l e v e l s .  From an o v e r a l l  g ro w th -co lo r s ta n d p o in t, 
I le x  c o rn u ta  'B u r fo rd i1, Ju n ip e ru s  p f i t z e r i a n a ,  L jgustrum  japonicum , 
P itto sp o ru m  t o b i r a ,  and Fodocarpus m acrophyllus were s ig n i f i c a n t ly  
i n f e r i o r  in  appearance a t  b o th  d a te s  f o r  th e  17.82  kg/m^ r a t e  o f  
S u lfu rK o te . These d a ta  a re  in  g e n e ra l agreem ent w ith  p re v io u s ly  men­
tio n e d  le a c h a te  e x tr a c t io n  and media sample r e s u l t s .  L eachate e x tra c ­
t io n s  m easured a t  day-96  and day-124  ( c lo s e s t  d a te s  to  th e  p la n t  q u a l­
i t y  r a t i n g  d a te s )  showed le v e l s  o f  NO^-N+NH^-N (T able 16) to  be very- 
h igh  f o r  th e  17*82 kg/nr* r a t e .  Media sam ples ta k en  a t  day-89 and day- 
118 ( c lo s e s t  d a te s  to  th e  p la n t  q u a l i ty  r a t in g  d a te s )  showed e ssen ­
t i a l l y  th e  same r e s u l t s  (T ab le  3 6 ) .  L evels o f  pH were s ig n i f i c a n t ly  
low er a t  day-89 and day-118 w ith  th e  17.82 kg/nr* SulfurK ote  r a t e .
Table 48 shows th e  number o f  dead p la n ts  as in f lu e n c e d  by th e  s ix  
Su lfu rK ote  r a t e s  and two methods o f  a p p l ic a t io n  in  th e  1980 s tu d y . 
L ag ers tro em ia  in d ic a  'C oun try  Red*, I l e x  c o rn u ta  ’B u rfo rd i1, Ju n ip eru s  
p f i t z e r i a n a , L igustrum  japonicum , P itto spo rum  t o b i r a ,  and Fodocarpus 
m acrophyllus showed h igh  d ea th  r a t e  w ith  th e  14.85 and 17.82 kg/m to p -
Table 46. A comparison o f the e ffe c t  o f 3 ix  SulfurKote 24-4-10Z rates on nine plant species as determined by quantitative v isual




Myrtle Gardenia Holly Juniper ligustrum Oleander Pittosporum Yaupon Yew
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Marketed by Sta-Green P lan t Food Co., sylacauga, AL.
y
S c ie n tif ic  names, re sp ec tiv e ly , a re : ind ica 'Country R ed ', Gardenia .lasminoidea 'R ad icans ', H ex  cornuta 'F u rfo rd i ',
Juniperus p f i tz e r ia n a . Liguatrun japonicum. Nerium oleander. Pittosporum to b ir a . I le x  vom itoria. and Fodocarpus macrophyllus.
A ll f ig u res  are  means o f  576 p la n ts .
*
Like l e t t e r  designations In d ica te  means th a t  a re  not s ig n if ic a n tly  d if fe re n t a t  the 5% le v e l using Duncan's new m ultiple-range t e s t .  
vRated on a sca le  o f 1 to  10, w ith 10-best grow th/color and l=dead.
o
Table i*7* A comparison o f the e ffe c t  o f  s ix  SulfurKote 24-4-10z rates on eight plant species as determined by quantitative v isu a l growth




















































































































































































































Marketed by: Sta-Green P lan t Food Co., Sylacauga, AL.
^ S c ie n tif ic  names, re sp ec tiv e ly , a re : Gardenia jasm inoides 'R ad ican s ', I le x  cornuta 'B u rfo rd i ',  Juniperus p f i tz e r ia n a . Idgustrum .japonicum,
^Werium oleander. Pittosporum to b ir a . I le x  vom itoria. and Podocarpus macrophyllus.
A ll f ig u res  are means o f 576 p la n ts , 
w
Like l e t t e r  designations in d ica te  means th a t  are  not s ig n if ic a n tly  d if fe re n t  a t  th e  3% le v e l using Duncan's new m ultip le-range t e s t .
v
Rated on a sca le  o f  1 to  10, with lC tbest grow th/color and l=dead.
Table 48 .  -The number o f  dead p la n ts  in  th e  1980 s tu d y , as in f lu e n c e d  by two a p p lic a t io n  methods and s ix  
SulfurK ote r a t e s .
Crape
Top d re ssed  M yrtle  G ardenia Holly Ju n ip e r Ligustrum  O leander P ittosporum  Yaupon Yew—  . 5 
2 .97  kg/m 0 0 0 0 0 0 1 0
5.97 kg/m3 0 0 0 0 0 0 2 0 2
8.91 kg/m3 0 0 0 3 0 0 1 0 0
11.88 kg/m3 1 0 0 3 1 0 3 0 2
14*85 kg/m3 3 0 6 7 3 0 5 0 4
17.82 kg/m3 8 0 6 10 6 0 9 3 10
In c o rp o ra te d ’
2.97 kg/m3 0 0 0 0 0 0 1 0 0
5.97 kg/m3 0 0 0 0 0 0 2 0 0
8 .91  kg/m3 0 0 0 0 0 0 1 0 0
11.88 kg/m3 0 0 0 0 0 0 2 0 0
14.85 kg/m3 0 0 0 0 0 0 1 0 0
17.82 kg/m3 0 0 0 0 0 0 1 0 0
z
M arketed by S ta-G reen P la n t Food C o., Sylacauga, AL. 
^Each number i s  ou t o f  a p o s s ib le  12 p la n ts .
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dressed-m ethod  r a t e s .  High r a t e s ,  when to p -d re s s e d , ten d ed  to  accumu­
l a t e  around th e  stem  o f  th e  p la n t  and r e s u l t e d  in  s o lu b le  s a l t  bu rn  o f  
th e  crown o f  th e  p la n t  and subsequen t d ea th  o f  th e  p la n t .  From a 
p r a c t i c a l  and econom ical s ta n d p o in t ,  th e  8 .91  kg/nr* r a t e  o f  S u lfu r ­
Kote produced b e t t e r  o v e r a l l  p la n t  q u a l i ty  in  th e s e  s p e c ie s .  In  con­
t r a s t ,  G ardenia .iasm inoides ’Radicans* and Nerium o le an d e r were s ig ­
n i f i c a n t ly  s u p e r io r  in  appearance a t  day-143 (T able 47) when th e  h ig h e r 
Su lfu rK ote  r a t e s  were u t i l i z e d .  This can be accounted  f o r  th e  f a c t  
t h a t  G ardenia .iasm inoides 'R adicans* p r e f e r  a c id  media c o n d itio n s  
w h ile  Nerium o le an d e r w i l l  t o l e r a t e  h ig h  amounts o f  s o lu b le  s a l t s .
As was seen  w ith  media sam ples a t  day-89 and day-118 (T ab le  3 9 ) , pH 
le v e l s  were s ig n i f i c a n t ly  h ig h e r a t  th e  low er Su lfu rK ote  r a t e s .
Table 49 shows each  p la n t  sp e c ie s  and th e  range o f  Su lfu rK ote  
r a t e s  which r e s u l te d  in  b e s t  p la n t  appearance a t  th e  co n c lu s io n  o f  
th e  s tu d y .
T ables 50 and 51 compare th e  e f f e c t  o f  a p p l ic a t io n  method on n in e  
p la n t  sp e c ie s  as determ ined  by q u a n t i ta t iv e  v i s u a l  growth and c o lo r  
r a t in g s  made a t  day-99 and day-143 o f  th e  1980 s tu d y . Both G ardenia 
.iasm inoides 'R a d ic a n s1 and Nerium o le an d e r were s ig n i f i c a n t ly  s u p e r io r  
in  growth and c o lo r  w ith  th e  to p  d re s s in g  method a t  b o th  day-99 and 
day-143- From T ables 46 and 47, i t  was n o te d  th a t  G arden ia  .iasm inoides 
'R adicans* and Nerium o le an d e r had s ig n i f i c a n t ly  b e t t e r  appearance a t  
th e  h ig h e r Su lfu rK ote  r a t e s .  At day-99 and day-143, th e r e f o r e ,  S u lfu r­
Kote was s t i l l  b e in g  r e le a s e d .  S ince th e  to p -d re s s e d  method r e le a s e d  
lo n g e r  th a n  th e  in c o rp o ra te d  method, v i s u a l  r a t in g s  showed s ig n i f i c a n t ­
ly  b e t t e r  o v e r a l l  appearance when to p  d re s s in g  was u t i l i z e d .  As shown
Table 49 . A comparison o f  each p lan t sp e c ie s  in  th e 1980 study w ith
th e SulfurKote r a te s  required  fo r  optim al p lan t appearance.
P la n t  S pecies Su lfu rK ote  R ate
L aee rs tro em ia  in d ic a  ’Country Red' 8 .91  kg/m3
G ardenia .iasm inoides 'R a d ic an s ' 1 4 .8 5 -1 7 .8 2  kg/m3
I le x  c o rn u ta  'B u r fo rd i ' 5 .9 7 -8 .9 2  kg/m3
Ju n ip e ru s  p f i t z e r i a n a 5 .9 7 -1 1 .8 8  kg/m3
Ligustrum  japonicum 8 . 91- 11.88  kg/m3
Nerium o lean d e r 14 .85 -17 .82  kg/m3
P itto sp o ru m  to b i r a 2 .9 7 -8 .9 1  kg/m3
I le x  v o m ito r ia 8 .9 1 -1 4 .8 5  kg/m3
Podocarpus m acrophyllus 5 .9 7 -8 .9 1  kg/m3
Table 50. A comparison o f the e ffe c t  o f application method on nine plant species as determined by quantitative v isu al growth (G) and
color (C) ratings taken at day-99 o f  the 1980 study.  • _______________________________________________
SPECIES2
Method o f Crape
Application Myrtle Gardenia Holly Juniper Ligustrum Oleander Pittosporum Yaupon Yew
G £ G C G C G C "5 £ G C G C G C s £
Top dressed b.59 6.89 
b b
8.55 8.88  
a a
































S c ie n tif ic  names, re sp ec tiv e ly , a re :,  Laeerstroemia ind ica  'Country R ed', Gardenia iasminoides 'R ad icans ', I le x  cornuta 'B urfordi, 
Juniperus p f itg e r ia n a . I^justrum  japonicum, Kerium oleander. Pittosporum to b ir a . I le x  vom itoria. and Podocarpus macrophyllus.
y
A ll figureB are means o f 576 p la n ts , 
x
Like l e t t e r  designations in d ica te  means th a t  a re  not s ig n if ic a n tly  d iffe re n t a t  the  5% le v e l using Duncan's new m ultiple-range t e s t .
w
Rated on a scale  o f 1 to  10, with 10=test grow th/color end l=dead.
i—>
o
Table 51. A comparison o f  the e ffe c t  o f application method on eight plant Bpecies as determined by quantitative growth (G) and
color (C) ratings taken at day-143  o f the 1980 study.
Method of
AmJ.icatipa Gardenia Holly Juniper
SPECIES2 
Lieustrum Oleander Pittosporum Yaupon Yew
G c G G G C G C G C G C G C G C ■— '— —• ~ —  .
TOp dressed 9.22 8.19 7.05 8.27 5.72 5.75 7.23 6.65 8.31 8.22 4.23 4.19 8.68 8.77 7-11
x,w
7.33
a a b a b a a a a a b b a a b a
Incorporated 7.12 4*62 7.75 6.34 7.77 5.73 7.81 6.38 7*15 7.19 6.37 5.13 7.80 8.33 8.87 6*18
b b a b a a a a b b a a b a a a
S c ie n tif ic  names, re sp ec tiv e ly , a re : Gardenia .lasminoides 'R ad ican s ', I le x  cornuta 'B u rfo rd i1, Juniperus p f itz e r ia n a , Iigustrum japonicum,
Nerium oleander. Pittosporum to b ir a . I le x  vom itoria. and Podocarpus macrophyllus.
y
A ll figures are means o f 576 p la n ts , 
x
lake l e t t e r  designations in d ica te  means th a t  are  not s ig n if ic a n tly  d if fe re n t a t  the  5$ le v e l using Duncan's new m ultiple-range t e s t .
w
Rated on a sca le  of 1 to  10, w ith 10=best grow th/color and l=dead.
I l l
Table 48, th e  h ig h e r to p -d re s s e d  Su lfurK ote  r a t e s  d id  n o t r e s u l t  in  
d e a th  o f  any p la n ts  o f  G ardenia .iasm inoides 'R ad icans o r  Herium 
o le a n d e r . Both o f th e s e  s p e c ie s  p r e f e r  a c id  co n d itio n s  and as can be 
seen  w ith  m edia sam ples a t  day-89 and day-118 (T able 2 7 ), pH le v e l s  
were s ig n i f i c a n t ly  low er f o r  th e  to p -d re s s e d  method o f  a p p l ic a t io n .
Tables 50 and 51 a lso  show th a t  a t  b o th  day-99 and day-143» 
in c o rp o ra tio n  o f  Su lfu rK ote  produced s ig n i f i c a n t ly  h ig h e r q u a l i ty  
r a t in g s  f o r  Ju n ip eru s  p f i t z e r i a n a . P itto spo rum  t o b i r a . and Podocarpus 
m acrophy llus. In c o rp o ra tio n  r e s u l te d  in  more ra p id  n u t r i e n t  r e le a s e  
r e s u l t in g  in  low er NO^-N+NH^-N l e v e l s ' and h ig h e r pH v a lu e s  d u rin g  th e  
l a t t e r  p a r t  o f  th e  s tu d y . This would in d ic a te  t h a t  th e se  sp ec ie s  
d i f f e r  in  re q u ire d  pH and N le v e l s  as compared to  G ardenia .iasm inoides 
•R ad icans ' and Nerium o le a n d e r .
With th e  ex cep tio n  o f  Ligustrum  .iaponicum. th e  th r e e  m ic ro n u tr ie n t 
mixes showed no s ig n i f i c a n t  in f lu e n c e  on v i s u a l  r a t in g s  on th e  p la n t  
sp e c ie s  under in v e s t ig a t io n .  Table 52 compares th e  e f f e c t  o f  th re e  
m ic ro n u tr ie n t mixes on Ligustrum  .iaponicum as determ ined  by q u a n t i ta ­
t i v e  v i s u a l  growth and c o lo r  r a t in g s  tak en  a t  day-9 9  and day-143  o f  
th e  s tu d y . At b o th  d a te s ,  Micromax r e s u l te d  in  p la n ts  w ith  s ig n i ­
f i c a n t ly  b e t t e r  appearance . L igustrum  .iaponicum s u f fe re d  from Fe 
d e f ic ie n c y . The Fe c o n ten t o f  th e  Micromax m ic ro n u tr ie n t mix was 
h ig h e r th a n  t h a t  o f  th e  o th e r  two mixes (T able  3) th u s  p re v e n tin g  
c h lo ro s is  accompanying low le v e l s  o f  a v a i la b le  Fe.
Table 52. A comparison o f  th e  e f f e c t  o f  th re e  m ic ro n u tr ien t mixes on lig u stru m  .iaponicum as d e te r ­
mined by q u a n t i ta t iv e  v is u a l  growth and co lo r r a t in g s  tak en  a t  day-99  and day-143 o f  th e  I 960 s tu d y .






P ro -S ta r t 6.66b 6 . 71b 7 . 41ab 6.02bx,w
Pro Grow 6 . 96b 6 . 69b 7.10b 6 . 25b
Micromax 7 .44a 8 . 19a 8 .06a  7 . 29a
z
M arketed, r e s p e c tiv e ly , by: S ta-G reen P la n t Food C o., Sylacauga, AL; and O.M. S c o tt & Sons Co.,
M ary sv ille , OH; and S ie r r a  Chemical C o., M ilp ita s , CA
y  ,A ll f i b r e s  a re  means p f  576 p la n ts ,  
x .
l ik e  l e t t e r  d esig n a tio n s  in d ic a te  means t h a t  a re  no t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5% l e v e l  u sing
Duncan's new m u ltip le —range t e s t .
R ated on a  s c a le  o f 1 to  10, w ith  10=best g row th /co lo r and l=dead.
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N utrient R elease Patterns Obtained From 1981 Leachate E xtraction s.
For th e  1981 SulfurK ote s tu d y , le a c h a te  e x tr a c t io n s ,  media 
sam ples, and q u a n t i ta t iv e  v i s u a l  r a t in g s  were made to  compare d i f f e r ­
ences in  f iv e  s u lfu r -c o a te d  f e r t i l i z e r s  from th re e  commercial so u rces .
E f fe c t  o f  F e r t i l i z e r  T reatm ent:
Table 53 compares le a c h a te  le v e ls  o f  NO^-N+NH^-N a t  tw elve ex­
t r a c t i o n  d a te s  fo r  th e  f iv e  SulfurK ote f e r t i l i z e r s  in c lu d ed  in  th e  1981 
experim ent.. S ta-G reen 13-13-13 and LESCO 14- I 4- I 4 proved to  be s ig ­
n i f i c a n t ly  h ig h e r in  NO^-N+NH^-N a t  day-5 , day-13, and day-27- At 
day-41 and day-571 on ly  S ta-G reen 13-13-13 was s ig n i f ic a n t ly  h ig h e r 
th a n  o th e r  tre a tm e n ts  in  NO^-N+NH^-N. From day-70 th rough  day-156, 
S c o tts  SREF produced s ig n i f i c a n t ly  h ig h e r NO^-N+NH^-N le v e l s .  Low 
le v e l s  o f  NO^-N+NH^-N were reached  by Sta-G reen 13-13-13* Sta-G reen 
24-4-10 , LESCO 20-6-12 , and LESCO 14-14-14 by day-70. For S co tts  
SREF, le v e ls  o f  NO^-N+NH^-N rem ained r e l a t i v e ly  h ig h  th rough  day-140.
Sta-G reen 13-13-13* S ta-G reen 24-4-10 , LESCO 20-6-12 and LESCO 
14-14-14 showed a v e ry  h igh  r e le a s e  o f  NO^-N+NH^-N a t  th e  f i r s t  two 
e x tr a c t io n  d a te s  compared to  S c o tts  SREF. This in d ic a te s  t h a t  S c o tts  
SREF has a su p e r io r  co a tin g  which i s  n o t as s u s c e p tib le  to  breakage 
in  th e  m ixing p ro c e ss . The NO^-N+NH^-N re le a s e  p a t te r n  fo r  S c o tts  
SREF f o r  a p e r io d  o f  140 days was su p e r io r  to  o th e r  tre a tm e n ts  
in c lu d ed  in  t h i s  s tu d y .
A com parison o f  th e  e f f e c t  o f  f iv e  s u lfu r -c o a te d  f e r t i l i z e r  
tre a tm e n ts  on average ppm le a c h a te  NH^-N le v e ls  measured a t  tw elve 
1981 e x tr a c t io n  d a te s  i s  p re se n te d  in  Table 54* From day-5 th rough
Table 53. A comparison o f  the e ffe c t  o f  f iv e  sulfur-coated f e r t i l iz e r  treatments on average ppm leachate nitrate-N+ammoniacal-H lev e ls
at the twelve 1981 extraction intervals*
Treatment® 1 11 ZL hL
Days A fter Establishm ent 
2L 12. 2 2 112 m . m 156?
Sta-Green
SulfurKote
13-13-13 68.90a 53. 02ab 14.30b 8 . 66a 10. 63a 2 . 10b 0 . 52b 0 . 52b 0.52b Ob Ob Ob*
Sta-Green
SulfurKote
24-4-10 59.96b 45.54bc 8 . 26c 5. 11b 3.54b 0 . 26b Ob 0.13b 0.39b Ob Ob Ob
IE3C0 20-6-12 
plus Minors 45.5Ac 42 . 00c 7 . 21c 2.23c A. 59b 0 . 26b 0 . 13b 0 . 13b Ob Ob Ob Ob
ussco 14- 14-14
plus Minors 75.93a 58.27a 21. 13a 8.53c 5.64b 0 . 78b 0.39b 0.39b Ob Ob Ob Ob
Scotts SREF 
20- 4-10 27»l6d 15.88d 1.83d 2 . 10c 5.51b 7 . 08a 11. 02a 3.28a 7.35a A.98a 5.77a 1.44a
2
Marketed respec tive ly ) by, Sta-Green P lan t Food Co*, Sylacauga, Al; Lakeshore Equipment & Supply Co., E ly ria , OH; and O.K. Scott & 
Sons Co., M arysville, OH.
y
A ll figu res a re  means o f  A0 ex tractions*  
x
Like l e t t e r  designations in d ic a te  means th a t  a re  not s ig n if ic a n tly  d if fe re n t  a t  the 5$ le v e l using Duncan's new m ultiple-range t e s t .
Table 54 ,  A comparison o f  the e ffe c t  o f f iv e  sulfur-coated f e r t i l iz e r  treatments on average ppm leachate ammoniacal-N lev e ls  at the twelve
1981 extraction in terva ls.
Treatment2 2 12 2Z
Days A fter Establishm ent
2L 2° 2k 22 112 121 140 156s
Sta-Green
SulfurKote





24-4-10 59.58b 39.63b 2.75b 0 . 65ab Ob Ob Ob Ga Ob Ob Ob Oa
LESCO 20-6-12
plus Minors 44.75c 35.70b 1.44b Ob 0 . 13b Ob Ob Oa Ob Ob Ob Oa
LESCO 14-14-14
plus Minors 75.86a 51.84a 8 . 40a 0.78a Ob Ob Ob Oa Ob Ob Ob Oa
Scotts
ekef
20-4-10 26.5Id 12.20c 0.65b 0 . 52ab Ob 0.65a 0.65a 0.13 a 0.39a 0.39a 1.05a Oa
Marketed re sp ec tiv e ly , by, Sta-Green P lan t Food Co., Sylacauga, AL; Lakeshore Equipment 4  Supply Co., E ly ria , OH; and O.M. Scott & Sons, 
Co., M arysville, OH. ■ •
r
A ll f ig u res  are  means o f 40 e x tra c tio n s , 
c
l ik e  l e t t e r  designations in d ica te  means th a t  a re  not s ig n if ic a n tly  d if fe re n t a t  th e  5$ le v e l using Duncan's new m ultiple-range t e s t .
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day-27i S ta-G reen 13-13-13 and LESCO 14-14-14 produced s ig n i f ic a n t ly  
h ig h er NH^-N le v e ls  th a n  d id  th e  o th e r th re e  tre a tm e n ts . By day-41> 
v ery  l i t t l e  d if fe re n c e  in  NH^-N le v e ls  was measured. A lthough very  
low, S c o tts  SREF produced h ig h e r le v e ls  o f  NH^-N from day-70 th rough  
day-140. No s ig n i f ic a n t  tre a tm e n t d if f e re n c e s  were ev id en t on day-99 
and day-156. S c o tts  SREF re le a s e d  NH^-N a t  ve ry  low le v e ls  over a 
lo n g e r p e r io d  o f  tim e th a n  th e  o th e r  fo u r  t re a tm e n ts . For a l l  t r e a t ­
m ents, low le a c h a te  le v e ls  o f  NH^-N were reached  a f t e r  day-27.
Table 55 compares th e  e f f e c t  o f  f iv e  s u lfu r -c o a te d  f e r t i l i z e r
tre a tm e n ts  on average ppm le a c h a te  P le v e ls  measured a t  te n  1981
e x tr a c t io n  in te r v a l s .  As can be seen , a t  most t e s t in g  d a te s , S ta -  
Green 13-13-13 r e s u l te d  in  s ig n i f ic a n t ly  h ig h e r P le v e ls  th an  th e  
o th e r  fo u r  tre a tm e n ts . Sta-G reen SulfurK ote 13-13-13, u n lik e  th e  
o th e r  fo u r  tre a tm e n ts , u t i l i z e s  a polyphosphate as i t s  source o f  P. 
A lso, f e r t i l i z e r  tre a tm e n ts  were made a t  equal N le v e ls  which r e s u l te d  
in  h ig h e r i n i t i a l  le v e ls  o f  P in  th e  media f o r  S ta-G reen 13-13-13 
and LESCO 14-14-14-
Table 56 compares th e  e f f e c t  o f  f iv e  s u lfu r -c o a te d  f e r t i l i z e r
tre a tm e n ts  on le a c h a te  K le v e ls  a t  tw elve 1981 e x tra c t io n  d a te s .  At
d ay -5» S ta-G reen  13-13-13 r e s u l te d  in  s ig n i f ic a n t ly  h ig h e r le v e ls  o f 
K th a n  th e  o th e r  fo u r tre a tm e n ts . S c o tts  SREF showed a s ig n i f ic a n t ly  
low er l e v e l  o f  K th a n  a l l  o th e r  tre a tm e n ts  a t  day-5* At day-13 and 
day-411 S ta-G reen  24-4-10 was s ig n i f ic a n t ly  h ig h e r in  K. S ta-G reen 
13-13-13 and S c o tts  SREF showed s ig n i f ic a n t ly  h ig h e r K le v e ls  by 
day-57* Prom day-70  and th roughou t th e  d u ra tio n  o f  th e  s tu d y , on ly
Table 55 < A comparison o f the e ffe c t  o f f iv e  sulfur-coated f e r t i l iz e r  treatments on average ppm leachate P le v e ls  at the ten  1981 extrac­
tio n  intervals*
Days A fter Establishm ent
Treatment2 2 H 2Z 4 i 2L 20 32 112 l£6y
Sta-toeen
SulfurKote
13-13-13 40 . 50a 33.95a 9.34a 4.35a 15.89a 6.09a 7.00a 1.78a 14.24a 2.83ax
Sta-Green
SulfurKote
24-4-10 11.90cd 4.73b 2 . 15b 2„76ab 3.83b 2.38b 3.78b 1. 41ab 12. 41b 2.90a
IESCO 20-6-12 
plus Minors 14.51bc 8.21b 3.13b 2 . 63ab 3.47b 2.24b 3.93b 1.37ab 12.74b 2.59a
IESCO 14-14-14 
plus Minors 21.60b 8 , 25b 3.34b 2.55ab 3.29b 2 . 42b 5.25b 1. 29ab 12. 32b 2.82a
Scotts
SREF
20-4-10 4.83d 2.75b 2.46b 1.90b 2.86b 3.39b 4.25b 1.05b 12.28b 2a 84S
z
Marketed re sp ec tiv e ly , by, Sta-Green P lan t Food Co., Sylacauga, AL; Lakeshore Equipment & Supply Co., E ly r ia , OH; and O.M. Scott &. Sons 
Co., M arysville, OH.
y
A ll figu res are means o f 40 e x tra c tio n s , 
x
Like l e t t e r  designations in d ica te  means th a t  are not s ig n if ic a n tly  d if fe re n t a t  the  5$ le v e l  using Duncan's new m ultip le—range t e s t .
Table 5&. A comparison o f the e ffe c t  o f  f iv e  sulfur-coated f e r t i l iz e r  treatments on average ppm leachate K le v e ls  a t the twelve 1981
extraction in terva ls.
Days A fter Establishment
Treatment® 5 . 1 2 . 2Z 2 1 20 2 2 112 127 140
Sta-Green 
SulfurKote 





24-4-10 48.4b 85.5a 29 . 6a 20.8a 3.4b 0.9b 0.38b Ob ■ Ob Ob Ob Ob
LESCO 20-4-12 
plus Minors 64.3b 37.3b 18.6ab 8 . 4b 4.1b 0.8b 0.18b Ob Ob Ob Ob Ob
IESCO 14-14-14 
plus Minors 49.8b 40. 8b 9.4b 6 . 4b 1.5b 0.6b 0.11b Ob Ob Ob Ob Ob
Scotts
SREF
20-4-10 25.7c 23 . 1b 12.1b 2.4b 11.0a 10.1a 12.4a 1.7a 8 .0 a ' 4.8a 6.6a 2.0a
z
Marketed re sp ec tiv e ly , by, Sta-Green P lan t Food Co., Sylacauga, AL; Lakeshore Equipment 4 Supply Co., E ly r ia , OH; and O.M. Scott 4 Sons 
Co., M arysville, OH.
y
A ll figures are means o f  40 ex trac tio n s , 
x
Like l e t t e r  designations in d ica te  means th a t  are not s ig n if ic a n tly  d if fe re n t a t  th e  5$ le v e l using Duncan's new m ultiple-range t e s t .
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S c o tts  SREF produced s ig n i f ic a n t ly  h ig h e r K l e v e l s .  As was p rev io u s ly  
m entioned, S c o tts  SREF, w ith  an ap p aren tly  su p e r io r  s u lfu r - c o a t in g ,  
re le a s e d  K f o r  a lo n g e r p e rio d  o f  tim e th an  a l l  o th e r  t re a tm e n ts 0 In  
summary, S ta-G reen 13-13-13» Sta-G reen 24-4-10 , IESCO 20-6-12 , and 
LESCO 14-14-14 reached  low ppm le a c h a te  K le v e ls  a f t e r  day-57• S c o tts  
SREF con tinued  to  show s ig n i f i c a n t ly  h ig h e r le v e ls  o f  K th rough  day- 
156.
Table 57 compares s u l f u r  coated  f e r t i l i z e r  tre a tm en t d if fe re n c e s  
on average le a c h a te  pH le v e l s  measured a t  te n  1981 e x tra c tio n  in t e r ­
v a l s .  At a l l  d a te s ,  e i th e r  S ta-G reen 13-13-13 o r  S c o tts  SREF produced 
s ig n i f ic a n t ly  low er pH read in g s  th an  d id  th e  o th e r  th re e  tre a tm e n ts . 
These d a ta  In d ic a te  th a t  th e  source o f  P in  S ta-G reen 13-13-13 and the  
lo n g e r r e le a s e  p e rio d  fo r  NO^-N+NH^-N an S c o tts  SREF had a s ig n i f ic a n t  
in flu en c e  on pH le v e ls  o f  le a c h a te s .
E f fe c t o f  Time and F e r t i l i z e r  Treatm ents Averaged Between D ates:
Table 58 compares th e  e f f e c t  o f  tim e on NO^-N+NH^-N, NH^-N, P,
K, and pH le v e ls  averaged between d a te s  over f iv e  s u lfu r -c o a te d  f e r t i ­
l i z e r  t re a tm e n ts . As expected , NO^-N+NH^-N, NH^-N, P, and K le v e ls  
were s ig n i f ic a n t ly  h ig h e r a t  th e  f i r s t  d a te .  Levels o f  a l l  elem ents 
in  le a c h a te s  g e n e ra lly  showed decreases  c o n s is te n t  w ith  tim e . A com­
p a riso n  o f  pH le v e ls  over tim e may n o t be com pletely  v a l id  due to  
v a r ia t io n s  in  pH o f  i r r i g a t i o n  w a te r . NO^-N+NH^-N reached  c o n s is t­
e n t ly  low le v e ls  by day-99? NH^-N, by day-41; and K, by day-99•
Table 59 compares th e  e f f e c t  o f  f iv e  s u lfu r -c o a te d  f e r t i l i z e r  
tre a tm e n ts  on le v e ls  o f  le a c h a te  nitrate-N +am m oniacal-N , ammoniacal-N, 
P , K, and pH averaged between d a te s  over tw elve e x tra c t io n  in te r v a l s 0
Table 5 7 .  A comparison o f  th e e f f e c t  o f  f iv e  su lfu r-coa ted  f e r t i l i z e r  treatm ents on average leach ate
pH le v e ls  a t ten  1981 ex traction  in te r v a ls .
2
Treatm ent I 22. 2Z M .
Davs A fte r  E stab lishm ent
2L  12. 22 112 l£ 6y
Sta-G reen
SulfurK ote
13-13-13 7.37c 7 . 23d 7.28c 6 . 96b 6.70c 6.91c 6 . 88b 7 . 08c 7 .27c 7.32bJ
Sta-G reen
SulfurK ote
24-4-10 7 .7 6 a 7 . 61b 7 .46a 7 .07a 6.90b 7 .56a 7 .3 7 a . 7 .48a 7 .72a 7 . 68a
LESCO 
20-6-12 
p lu s  Minors 7 .7 7 a 7.56bc 7.37b 7 .12a 6 ,96ab 7 .56a 7<>47a 7 .52a 7 .77a 7 .81a
LESCO 
14-14-14 
p lu s  Minors 7 .8 8 a 7 .81a 7.40ab 7 .05a 6.92b 7.37b 7 .3 7 a 7 .5 1 a 7.72a 7 .8 1 a
S c o tts  SREF 
20-4-10 7.58b 7 .46c 7.43ab 7 .1 3 a 7 .03a 7 .6 0 a 7 .33a 7.27b 7.50b 7.32b
M arketed re s p e c t iv e ly ,  by, S ta-G reen P la n t Food C o., Sylacauga, AL; Lakeshore Equipment & Supply Co., 
E ly r ia ,  OHf and O.M. S c o tt & Sons C o., M ary sv ille , OH 
yA ll f ig u re s  a re  means o f  40 e x tr a c t io n s ,  
x
lake l e t t e r  designation s in d ica te  means th a t are not s ig n if ic a n t ly  d if fe r e n t a t the 5% le v e l  using
Duncan's new m ultip le-range t e s t . 120
Table 58 ,  A comparison o f  th e e f f e c t  o f  time on ppm leach ate  nitrate-N+ammoniacal-N, ammoniacal-N, P. K.
and pH le v e ls  averaged between dates over f iv e  su lfu r-coa ted  f e r t i l i z e r  treatments#
Days A fte r  
E stab lishm en t
NCL+NH. 
> 4 NH.-N4 - P K pH2
5 55.38a 55 .2a 18.6a 55 .5a
y
7 . 67a
13 ' 42.94b 37.5b 11.5b 42.9b '7.53c
27 10.55c 3 .8 c 4*0cde 19.9c 7.39d
41 5.3 2d 0 .57d 2 .8 e f 9 .5d 7 .0 7 f
57 5.98d 0 .31d 5 .8c 6 .2de 7.90g
70 2.10e 0„15d 3 .3de 2 .8 e f 7 .40d
84 2 .41c 0 . 13d 4.8cd 2 .8 e f 7.29e
99 0.39e 0,02d 1 .3 f 0 .3 5 f 7 .37d
112 1.65e 0 ,07d 12,8b 1 .6 e f 7 . 60b
127 0 .99e 0.07d - 0 .9 e f —
140 1.15e 0 .21d - 1 .3 e f -
156 Oe O.Od 2 .8 e f o.4f 7.59b
z
A ll f ig u re s  a re  means o f  40 e x tra c tio n s
y
Like le t t e r  designation s in d ica te  means th a t are not s ig n if ic a n t ly  d if fe r e n t a t the 5$ l e v e l  using
Duncan's new m ultiple-range te s to 121
Table 59* A comparison o f  the e f fe c t  o f  f iv e  su lfu r-coated  f e r t i l i z e r  treatm ents on le v e ls  o f  leachate
nitrate-N+ammoniacal-N, ammoniacal-N, P, K, and pH averaged between dates over tw elve 1981 ex tra ctio n ,
in te r v a ls •
2
Treatm ent NOo-N+NH.-N 
J . ------ 4
NH.-N








10.27b 8.55b 4.83cd 15.76a 7 . 46a
LESCO 
20-6-12 
p lu s  Minors
8 .50c 6.83c 5.48bc 11.15b 7 .49a
LESCO
14-14-14
p lu s  Minors
14. 20a 11.40a 6.31b 9.07b 7 .48a
S c o tts
SHEF
20-4-10
7 .78c 3 .59d 3 .87d 10.03b 7.37b
M arketed re s p e c tiv e ly  by Sta-G reen P la n t Food C o., Syiacauga, AL; Lakeshore Equipment & Supply Co., 
E ly r ia ,  OH; O.M. S c o tt & Sons C o., M ary sv ille , OH.
y
A ll f ig u re s  a re  means o f  40 e x tra c t io n s .
x
Like le t t e r  designations in d ica te  means th at are not s ig n if ic a n t ly  d if fe re n t a t the 5$ le v e l  using
Duncan's new m ultiple-range t e s t .
Sta-G reen 13-13-13 and LESCO 14-14-14 r e le a s e d  NO^-N+NH^-N 
and NH^-N a t  s ig n i f ic a n t ly  h ig h e r le v e ls  when averaged  over d a te s .
As was p re v io u s ly  no ted  in  Tables 53 and 54* v ery  h igh  n itro g e n  
re le a s e  o ccu rred  w ith  Sta-G reen 13-13-13 and IESCO 14-14-14 w ith in  
th e  f i r s t  two weeks o f  th e  s tu d y . S c o tts  SREF produced a  s i g n i f i ­
c a n tly  low er n itro g e n  re le a s e  p a t te r n  when averaged betw een d a te s .
When compared between d a te s ,  S ta-G reen 13-13-13 r e s u l te d  in  
s ig n i f ic a n t ly  h ig h e r P le v e ls  th an  th e  o th e r  fo u r t re a tm e n ts .
Because o f  i t s  polyphosphate P so u rce , S ta-G reen 13-13-13 m ain ta ined  
a h ig h e r le a c h a te  P co n ten t th roughout th e  s tu d y 0
Sta-G reen 13-13-13 and Sta-G reen 24-4-10 produced s ig n i f ic a n t ly  
h ig h e r le v e ls  o f  K when averaged between e x tr a c t io n  d a te s .  As was 
seen  in  Table 56, S ta-G reen 13-13-13 produced a v e ry  h igh  K re le a s e  
a t  day-5 w hile S ta-G reen 24-4-10 r e s u l te d  in  a s ig n if ic a n ly  h ig h e r 
K re le a s e  a t  day-13* These i n i t i a l  h igh  r e le a s e s  e x p la in  th e  high 
s ig n if ic a n c e  o f  S ta-G reen 13-13-13 and S ta-G reen 24-4-10 K re le a s e  
averaged between d a te s .
S ta-G reen 13-13-13 and S c o tts  SREF r e s u l te d  in  s ig n i f ic a n t ly  
low er le a c h a te  pH le v e ls  between e x tra c t io n  d a te s .  The polyphosphate 
P source  in  S ta-G reen 13-13-13 and th e  lo n g e r r e le a s e  p a t te r n  fo r  
n itro g e n  in  S c o tts  SREF ap p a ren tly  e x e r te d  a s ig n i f ic a n t  in f lu e n c e  
on pH le v e ls  o f  le a c h a te s .
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N utrient R elease Patterns Obtainsri from 1981 Media Samplings.
R e su lts  from an a ly se s  o f  media sam ples comparing d if f e r e n c e s  in  
f iv e  s u lfu r - c o a te d  f e r t i l i z e r  t re a tm e n ts  a re  p re se n te d  in  T ables 60
th ro u g h  64.
Table 60 compares th e  e f f e c t  o f  f iv e  s u l fu r - c o a te d  f e r t i l i z e r  
tre a tm e n ts  on average ppm media n i t r a te - N  le v e l s  m easured a t  f iv e  1981 
sam pling d a te s .  A nalyses were conducted  u t i l i z i n g  th e  m edia-w ater 
e x t r a c t io n  method.
At day-29 S c o tts  SREF was s ig n i f i c a n t ly  low er in  NO^-N th a n  o th e r  
tre a tm e n ts  ex cep t LESCO 20-6 -1 2 . A fte r  day-60 , however, a l l  tre a tm e n ts  
excep t S c o tts  SREF d im in ish ed  to  below 1 .0  ppm. S c o tts  SREF showed a 
c o n s is te n t  in c re a s e  i n  NO^-N le v e l s  th ro u g h  day-125  and th u s  was s ig ­
n i f i c a n t l y  h ig h e r th a n  o th e r  t re a tm e n ts  f o r  a t  l e a s t  an a d d i t io n a l  
s ix ty -d a y  p e r io d . These d a ta  f u r th e r  s u b s ta n t ia te  th e  s u p e r io r  c o a tin g  
o f  S c o tts  SREF and i t s  s u p e r io r  " c o n tro lle d "  r e le a s e  c h a r a c t e r i s t i c .
D ata comparing e f f e c t s  o f  f iv e  s u l fu r - c o a te d  f e r t i l i z e r  tre a tm e n ts  
on average ppm media NH^-N le v e l s  a t  f iv e  1981 sam pling d a te s  a re  shown 
in  Table 6 l .  No s ig n i f i c a n t  d if f e r e n c e s  between tre a tm e n ts  were 
o bserved  excep t betw een S ta-G reen  13-13-13 and LESCO 20-6-12  a t  d a y -6 l. 
There w ere, i n  g e n e ra l , ve ry  low le v e l s  o f  NH^-N f o r  a l l  tre a tm e n ts  a t  
a l l  d a te s .
Table 62 compares th e  e f f e c t  o f  f iv e  s u lfu r - c o a te d  f e r t i l i z e r  
tre a tm e n ts  on average ppm media P c o n ten t m easured a t  f iv e  1981 sampl­
in g  d a te s .  At day-29 th e re  were no s ig n i f i c a n t  d if f e r e n c e s  between 
tre a tm e n ts .  A fte r  day-29 th ro u g h  day-154* however, S ta-G reen  13-13-13 
rem ained s ig n i f i c a n t ly  h ig h e r  th a n  a l l  o th e r  t r e a tm e n ts .  As was
Table 60, A comparison o f  th e e f f e c t  o f  f iv e  su lfu r-co a ted  f e r t i l i z e r  treatm ents on average ppm
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M arketed re s p e c t iv e ly ,  by S ta-G reen  P la n t Food C o., Sylacauga, AL; Lakeshore Equipment & Supply C o., 
E ly r ia ,  OH; and O.M. S c o tt & Sons C o., M ary sv ille , OH.
r
A ll f ig u re s  a re  means o f  20 media sam plings.
l ik e  l e t t e r  designations in d ica te  means th a t are not s ig n if ic a n t ly  d if fe r e n t a t the 5% l e v e l  using
Duncan's new m ultiple-range t e s t .
Table 6 l ,  A comparison o f  the e f f e c t  o f  f iv e  su lfu r-coated  f e r t i l i z e r  treatm ents on average ppm
ammoniacal-N le v e ls  measured at f iv e  1981 media sampling d ates.
Days A fte r E stab lishm ent
Treatm ent2 22 6 l 22 121
Sta-G reen
SulfurK ote
13-13-13 2.50a 1.00a Oa Oa 0aX
Sta-G reen
SulfurK ote
24-4-10 1.25a 0.50ab Oa Oa Oa
LESCO 20-6-12 
p lu s  Minors 0 .75a Ob Oa Oa Oa
IESCO 14-14-14 
p lu s  Minors 0 .75a 0.50ab Oa Oa Oa
S co tts
SREF
20-4-10 0 .50a 0.75ab Oa Oa Oa
Marketed re s p e c tiv e ly , by, S ta-G reen P la n t Food C o., Sylacauga, AL} Lakeshore Equipment & Supply Co., 
E ly r ia ,  OH; and O.M. S c o tt & Sons C o., M ary sv ille , OH.
y
A ll f ig u re s  a re  means o f  20 media sam plings, 
x
Like le t te r  designations indicate means that are not s ig n if ic a n tly  d ifferen t at the 5% le v e l using
Duncan's new multiple-range t e s t .
Table 62 . A comparison o f  the e f fe c t  o f  f iv e  su lfu r-coated  f e r t i l i z e r  treatm ents on average ppm
P le v e ls  measured at f iv e  1981 sampling d a tes.
Davs A fte r E stab lishm ent
Treatm ent2 22 61 22 122
Sta-G reen.
SulfurK ote
13-13-13 4 .85a 5.72a 32 .52a 5 .63a 1 . 65ax
Sta-G reen
SulfurK ote
24- 4-10 1 . 00a 0 . 72b 11. 25b 1.51b 0.52bc
IESCO 20-6-12 
p lu s  Minors 1. 62a l o02b 14. 25b 1.41b 0.80b
IESCO 14- 14-14  
p lu s  Minors 1 . 60a 1.07b 14. 62b 2 . 27b 0 . 90b
S c o tts
SREF
20- 4-10 2 .97a 0 . 40b 7 . 12b 1.05b 0 . 25c
z
M arketed re s p e c tiv e ly , by , S ta-G reen P la n t Food C o., Sylacauga, AL; Lakeshore Equipment & Supply C o., 
E ly r ia ,  OH; and O.M. S c o tt & Sons C o., M ary sv ille , OH.
y
A ll f ig u re s  a re  means o f  20 media sam plings, 
x
Like l e t t e r  designations in d ica te  meaNs th at are not s ig n if ic a n t ly  d if fe re n t a t the 5$ le v e l  using
Duncan’s new m ultiple-range t e s t .
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n o te d  p re v io u s ly  th e  po lyphosphate  so u rce  o f  P in  S ta-G reen  13-13-13 
i s  p robab ly  re s p o n s ib le  f o r  t h i s  p a t te r n .
Table 63 compares th e  e f f e c t  o f  f iv e  s u lfu r - c o a te d  f e r t i l i z e r  
t re a tm e n ts  on average ppm media K l e v e l s  measured a t  f iv e  1981 sam­
p lin g . d a te s .  At day-29, S ta-G reen  13-13-13 produced s ig n i f i c a n t ly  
h ig h e r media K l e v e l s .  By d a y -6 l, S u lfu rK ote  13-13-13 , as w e ll as 
SREF, was s ig n i f i c a n t ly  h ig h e r in  K. At day-90, day-125, and day-154, 
o n ly  SREF rem ained s ig n i f i c a n t ly  h ig h e r . Sta-G reen- 24 -4 -10 , IESCO 
2 0-6 -1 2 , and IESCO 14-14-14 reach ed  low media K le v e ls  by d a y -6 l; 
S ta-G reen  13-13-13 , by day-90; and S c o tts  SREF, by day-154*
Table 64 compares th e  e f f e c t  o f  f iv e  s u lfu r - c o a te d  f e r t i l i z e r  
tre a tm e n ts  on average media pH le v e l s  m easured a t  f iv e  1981 sam pling 
d a te s .  S c o tts  SREF, which has a s low er r e le a s e  p a t te r n ,  produced a 
s ig n i f i c a n t ly  h ig h e r pH re a d in g  a t  day-29 . At d a y -6 l and day-90, S ta -  
Green 13—13—13 Had s ig n i f i c a n t ly  low er pH re a d in g s . At day-125 and 
day-154» b o th  S ta-G reen  13-13-13 and S c o tts  SREF r e s u l te d  in  s ig n i ­
f i c a n t ly  low er pH re a d in g s . These d a ta  fo llo w  th e  t r e n d  which was 
e v id e n t in  le a c h a te . pH le v e l s  f o r  th e se  tre a tm e n ts .
Table 63* A comparison o f  th e  e f fe c t  o f  f iv e  su lfu r-coa ted  f e r t i l i z e r  treatm ents on average ppm
K le v e ls  measured a t f iv e  1981 sampling d a tes .
Days A fte r E stab lishm ent
Treatm ent21 29 6 l 90 125 154y
Sta-G reen
SulfurK ote
13-13-13 21 , 25a 2 .0 0 a  1.47b 1.27b 0.95b
Sta-G reen
SulfurK ote
24-4-10 7.27b 0.83b 0 .72b 1.17b 0.80b
LESCO 20-6-12
p lu s  Minors 4»55b 0.62b 1.10b 1.05b 0.55b
LESCO 14-14-14
p lus Minors 3 .85b 0.55b 1.17b 1.22b 0.62b
S co tts
SREF
20-4-10 5 . 25b 2 .41a  2 .80a  2 .95a  1 .50a
z
M arketed re s p e c t iv e ly ,  by, S ta-G reen P la n t Food C o., Sylacauga, AL; Lakeshore Equipment & Supply Co., 
E ly r ia ,  OH; and O.M. S c o tt & Sons C o., M ary sv ille , OH.
y
A ll f ig u re s  a re  means o f  20 media sam plings, 
x
Like l e t t e r  designation s in d ica te  means th at are not s ig n if ic a n t ly  d if fe r e n t at the 57° le v e l  using
Duncan's new m ultiple-range t e s t .
Table 64 . A comparison o f th e  e f f e c t  o f f iv e  s u lfu r -c o a te d  f e r t i l i z e r  tre a tm e n ts  on average media pH 
le v e ls  measured a t  f iv e  1981 sam pling d a t e s . _____________________________________________________
Days A fte r  E stab lishm ent
Treatm ent2 2£ 6 l  £0 12£ 154y
Sta-G reen
SulfurK ote x
13-13-13 6.87b 5.90b 6.15b 6 .70c 6.20c
Sta-G reen
SulfurK ote
24-4-10 6.87b 6 .47a 6 .87a  7 .05b 7 .12a
IESCO
20- 6-12
p lu s  Minors 6 . 87b 6 .57a  6 . 97a 7*25a 7*17a
LESCO 14- 14-14
p lu s  Minors 6 . 87b 6 . 45a 6 .92a  7*12ab 7*00ab
S co tts
SREF
20-4-10 7 .12a  6 .62a  6 .75a  6 .72c 6.55bc
z
M arketed re s p e c tiv e ly  by, S ta-G reen P lan t Food Co., Sylacauga, AL; Lakeshore Equipment & Supply Co., 
E ly r ia ,  OH; and O.M. S co tt & Sons C o., M ary sv ille , OH.
y
A ll f ig u re s  a re  means o f  20 media sam plings, 
x
Like l e t t e r  designations in d ica te  means th at are not s ig n if ic a n t ly  d if fe re n t at the 5% l e v e l  using
Duncan's new m ultiple-range t e s t .
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P la n t  q u a l i ty  r a t in g s  from 1981 s u lfu r - c o a te d  f e r t i l i z e r  s tu d y »
A com parison o f  th e  e f f e c t  o f  f iv e  s u lfu r - c o a te d  f e r t i l i z e r  
tre a tm e n ts  on o v e r a l l  v i s u a l  appearance o f  G ardenia .•iasminoides 
’R ad ican s1 a t  two r a t i n g  d a te s ,  i s  p re se n te d  in  Table 65.  A 1-5 
r a t in g  s c a le  was u t i l i z e d  w ith  5 r e p re s e n t in g  e x c e l le n t  grow th and 
1 re p re s e n tin g  dead p la n t s .  ■ At b o th  r a t i n g  d a te s ,  th e  S c o tts  SREF 
tre a tm e n t showed s i g n i f i c a n t ly  b e t t e r  growth and c o lo r ,  fo llo w ed  in  
s ig n if ic a n c e  by S ta-G reen  S u lfu rK ote  13-13-13 <> The IESCO 14-14-14 
r a te d  t h i r d  in  s ig n if ic a n c e  on b o th  d a te s  fo llo w ed  by S ta-G reen  
2 4 -4 -10  and LESCO 2 0 -6 -1 2 . These v i s u a l  d a ta  fo llo w  a  p a t te r n  which 
would be a n t ic ip a te d  in  view  o f  p a t te rn s  o f  n u t r i e n t  r e le a s e  o b ta in e d  
in  th e  s tu d y .
Table 65 . A comparison o f the e f f e c t  o f  f iv e  su lfu r-coated  f e r t i l i z e r  treatm ents on o v e ra ll appearance
o f  Gardenia .Iasminoides R adicans' as determined by plant q u a lity  ra tin gs taken at day-86 and day-154
o f the 1981.study.
Days A fte r E stab lishm ent 
T reatm ent21 86 154
Sta-G reen SulfurK ote
*3-13-13 4.00b 3 . 92bx,w
Sta-G reen SulfurK ote
24- 4-IO 3 .05cd  2o67d
IESCO 20-6-12
p lu s  minors 2 . 92d 2o42d
LESCO 14- 14-14
p lu s  minors 3* 17c 3 .15c
S c o tts  SREF
20-4-10 5 .00a 5 .00a
M arketed, r e s p e c tiv e ly , by: S ta-G reen P la n t Food C o., Sylacauga, AL; Lakeshore Equipment & Supply Co0,
E ly r ia ,  OH; and O.M. S co tt & Sons Co., M ary sv ille , OH.
y
A ll f ig u re s  are  means o f  80 p la n ts .
x
Like l e t t e r  d es ig n a tio n s  in d ic a te  means t h a t  a re  no t s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  5$  le v e l  u s ing  
Duncan's new m u ltip le -ran g e  t e s t .
w
R ated on a s c a le  o f  1 to  5 t w ith  5=best g row th /co lo r and l=dead.
SUMMARY AMD CONCLUSIONS
The 1980 experim ent was conducted to  determ ine  n u t r i e n t  r e le a s e  
p a t te r n s  and d u ra tio n  o f  r e le a s e  o f  e f f e c t iv e  le v e l s  o f  n u t r i e n ts  o f  
s ix  r a t e s  o f  Su lfu rK ote  24- 4-IO  s lo w -re le a se  f e r t i l i z e r .  The e f f e c t s  
o f  method o f  a p p l ic a t io n ,  to p  d re sse d  v s .  in c o rp o ra te d , and m ic ro - 
n u t r i e n t  mix were a lso  in v e s t ig a te d .
E f fe c t  o f  Su lfu rK ote  A p p lic a tio n  R ate :
1980 L eachate  e x tra c t io n s
1 . G en era lly , th e  17.82 kg/rr?  r a t e  produced s ig n i f i c a n t ly  
h ig h e r NO^-N+NH^-N le v e l s  a t  a l l  e ig h t  e x t r a c t io n  in t e r v a l s .
The 2 .97  kg/nr* and 5*97 kg/m? a p p l ic a t io n  r a t e s  reach ed  low 
NQ^-N+NH^-N le v e l s  a f t e r  day-68; th e  8 .91  kg/m? r a t e ,  a f t e r  
day-82; and th e  11.88 and 14*85 kg/n? r a t e s ,  a f t e r  day-96 . The 
17.82 kg /n? r a t e  co n tin u ed  to  r e le a s e  s ig n i f i c a n t ly  h ig h e r le v e ls  
o f  NO^-N+NH^-N th ro u g h  day-124.
2 . The 17.82 kg/nr* r a t e  showed s ig n i f i c a n t ly  h ig h e r NH^-N le v e l s  
a t  a l l  e x t r a c t io n  in t e r v a l s .  Low le v e l s  o f  NH^-N were reached  
a f t e r  day-40  f o r  th e  2 .97  kg/rr? and 5*97 kg/m? r a t e s ;  a f t e r  
day-54 f o r  th e  8.91  kg/n? r a t e ;  and a f t e r  day-82 f o r  th e  11.88 
kg/n? and 14*85 kg/m? r a t e s .  The 17*82 kg/m? r a t e  was c o n tin u in g  
to  r e le a s e  s ig n i f i c a n t ly  h ig h e r r a t e s  o f  NH^-N a t  day-124.
3 .  L evels o f  P i n  th e  le a c h a te  e x tr a c t io n s  showed wide v a r ia t io n s  
w ith o u t t r e n d .
4* The 17*82 kg/rr? r a t e  produced s ig n i f i c a n t ly  h ig h e r K le v e ls
q
a t  each  o f  th e  1980 e x t r a c t io n  i n t e r v a l s .  The 2 .97  kg/m and
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5.97  kg/m3 r a te s  reach ed  low K le v e ls  a f t e r  day-54; th e  8.91  kg/m3 r a te
a f t e r  day-68; th e  11.88 kg/m3 and 14.85  kg/m3 r a t e s ,  a f t e r  day-82; and
th e  17.82 kg/m? r a t e ,  a f t e r  day-96 .
1980 Media sam plings
1. G en era lly , th e  17*82 kg /n ?  r a t e  r e s u l te d  in  s ig n i f ic a n t ly  
h ig h e r NO^-N le v e l s .  N itra te -N  le v e l s  showed in c re a se s  c o n s is te n t 
w ith  in c re a se s  i n  a p p lic a tio n  r a t e s .
2 . The 17.82 kg/m3 r a t e  r e s u l te d  in  s ig n i f ic a n t ly  h ig h e r media 
F le v e l s  a t  day-33» day-60, and day-89. Levels o f  P g e n e ra lly  
in c re a se d  as SulfurK ote r a te s  in c re a se d .
3 . The 17.82 kg/m3 r a te  produced s ig n i f ic a n t ly  h ig h e r media K 
co n ten t a t  a l l  fo u r  sam pling d a te s .  Levels o f  K c o n s is te n tly  
in c re a se d  as a p p lic a t io n  r a t e  in c re a se d .
4* S ig n i f ic a n t ly  h ig h e r media pH le v e ls  were shown a t  day-33 w ith  
th e  14.85  kg/m3 SulfurK ote r a t e .  At day-60, day-89 , and day-118, 
pH le v e ls  were s ig n i f ic a n t ly  h ig h er a t  th e  2 .97  kg/m3 r a t e .  The 
le v e ls  o f  n itro g e n  were p re v io u s ly  shown to  be v e ry  low a t  th e
2 .97 kg/m3 r a t e ,  which would have a d e f in i te  in f lu e n c e  on th e se  
h ig h e r pH re a d in g s .
5. No c le a r ly  d e fin ed  t r e n d  i s  evidenced in  th e  media Ca and Mg 
d a ta .  However, when pH le v e ls  were s ig n i f ic a n t ly  h ig h e r a t  th e
2.97 kg/m3 r a t e ,  le v e ls  o f  Ca and Mg were g e n e ra lly  s ig n i f ic a n t ly  
h ig h e r .
E f fe c t  o f  Method o f  A p p lica tio n :
1980 Leachate e x tra c tio n s
1 . R elease  o f  NO^-N+NH^-N rem ained a t  a h ig h e r e f f e c t iv e  le v e l  
f o r  approx im ately  30 days lo n g e r fo r  th e  to p  d re ssed  method
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compared to  the incorporated  method o f  a p p lica tio n ,
2 . A ppreciab le  amounts o f  NH.-N con tin u ed  to  be re le a s e d  a tA
day-82 when S u lfurK ote  was to p  d re s se d . W ith in c o rp o ra t io n ,
NH^-N le v e l s  in  le a c h a te s  were r e le a s e d  o n ly  th ro u g h  day-40 .
3 .  Method o f  a p p l ic a t io n  appeared  to  e x e r t  v e ry  l i t t l e  c o n s is te n t  
e f f e c t  on th e  l e v e l s  o f  P in  le a c h a te s .
4 . Extrem ely  low le v e l s  o f  K in  le a c h a te s  o c cu rred  a f t e r  day-82 
f o r  th e  to p  d re sse d  method whereas s im ila r  low l e v e l s  were reach ed  
a f t e r  day-54  f o r  th e  in c o rp o ra te d  method.
1980 Media sam plings
1 . Top d re s s in g  o f  S u lfu rK ote  r e s u l t e d  in  s ig n i f i c a n t ly  h ig h e r 
media NO^-N le v e l s  a t  a l l  fo u r  t e s t  d a te s .
2 . Top d re s s in g  r e s u l t e d  in  -S ig n if ic a n tly  h ig h e r  media P le v e l s  
a t  day-33 and day-89, w h ile  no s ig n i f i c a n t  a p p l ic a t io n  method 
in f lu e n c e  was observed  a t  e i t h e r  day-60  and day-118.
3* At a l l  sam pling d a te s ,  th e  to p  d re sse d  method o f  a p p l ic a t io n  
r e s u l t e d  in  s ig n i f i c a n t ly  h ig h e r ppm media K l e v e l s  as compared 
to  in c o rp o ra tio n ,
4 . At day-33 , to p  d re s s in g  produced s ig n i f i c a n t ly  h ig h e r  pH 
l e v e l s .  The to p  d re s se d  method showed a  c o n s is te n t  d ec rease  in  
pH from day-33 th ro u g h  day-118 and th e  in c o rp o ra te d  method 
showed a  c o n s is te n t  in c re a s e  d u rin g  th e  same p e r io d .
5* Media l e v e l s  o f  Ca and Mg were g e n e ra l ly  s ig n i f i c a n t l y  h ig h e r 
w ith  th e  in c o rp o ra te d  method o f  a p p l ic a t io n .  In  g e n e ra l , Ca and 
Mg p a t te r n s  c o r r e la te d  w ith  h ig h  pH l e v e l s .
E ffe c t o f  M icronutrient Mix:
1980 L eachate e x tra c tio n s
1* N e ith e r o f  th e  th re e  m ic ro n u tr ie n t mixes d i f f e r e d  s ig n i f ic a n t  
ly  in  t h e i r  in f lu e n c e  on NO^-N+NH^-N le v e ls  in  le a c h a te s .
2 . N e ith e r o f  th e  th re e  m ic ro n u tr ie n t mixes d i f f e r e d  s ig n i f ic a n t  
ly  in  t h e i r  in f lu e n c e  on NH^-N le v e ls  in  le a c h a te s .
3 . Use o f  Micromax m ic ro n u tr ie n t mix r e s u l te d  in  s ig n i f ic a n t ly  
h ig h e r P le v e ls  on day-26, day-40, and day-82, w hile on day-124, 
P ro -S ta r t  was s ig n i f ic a n t ly  h ig h e r in  P. Although c e r ta in  s ig ­
n i f i c a n t  d if fe re n c e s  d id  o ccu r, th e  th re e  m ic ro n u tr ie n t mixes 
d if f e r e d  o n ly  s l i g h t ly  in  t h e i r  in flu en c e  on le a c h a te  P le v e l s .
4* No s ig n i f ic a n t  d if f e re n c e s  o ccu rred  in  le a c h a te  K le v e ls  as 
in flu en c ed  by th e  th re e  m ic ro n u tr ie n t mixes u sed .
1980 Media sam plings
1 . At a l l  sam pling d a te s , NO^-N co n ten t rem ained s ig n i f ic a n t ly  
h ig h e r when P ro -S ta r t  was in  th e  media. P r o -S ta r t  co n ta in s 
added n itro g e n  in  i t s  packaging.
2 . C o n s is te n tly  h ig h e r P le v e l s  were n o ted  when Micromax was 
u t i l i z e d  as th e  m ic ro n u tr ie n t mix.
3 .  M icro n u trien t mixes had no s ig n i f ic a n t  in f lu e n c e  on media K 
l e v e l s •
4* M icro n u trien t mixes d id  n o t e x e r t  a c le a r ly  d e fin ed  e f f e c t  
on media pH le v e l s .  ProGrow gave a  s ig n i f ic a n t ly  h ig h e r pH 
read in g  a t  day-33 w h ile  P r o -S ta r t  r e s u l te d  i n  s ig n i f ic a n t ly  
h ig h e r media pH le v e l s  a t  day-89. Both P r o -S ta r t  and ProGrow 
were s ig n i f ic a n t ly  h ig h e r th a n  Micromax a t  day-60.
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5 . At a l l  fo u r  d a te s ,  P r o -S ta r t  r e s u l te d  in  s ig n i f i c a n t ly  h ig h e r 
media Ca l e v e l s .  P r o - S ta r t  a lso  had g e n e ra lly  h ig h e r pH le v e l s  
a t  a l l  d a te s .
6 . ProGrow in  th e  media r e s u l te d  in  s ig n i f i c a n t ly  h ig h e r Mg 
le v e l s  a t  day-33 and day-60 . L evels o f  pH a lso  were g e n e ra lly  
h ig h e r f o r  ProGrow a t  th e s e  d a te s .
E f f e c ts  o f  S u lfu rK ote  R a te s , Method o f  A p p lic a tio n , M ic ro n u tr ie n t Mix, 
and Time Averaged Over D ates:
1980 Leachate e x tr a c t io n s
1. The d a ta  f o r  NO^-N+NH^-H and K le v e l s  show a  c o n s is te n t  
in c re a s e  w ith  in c re a s e s  in  a p p l ic a t io n  r a t e s ,  w ith  th e  17.82 
kg/ni? r a t e  b e in g  s ig n i f i c a n t ly  h ig h e r th a n  a l l  o th e r  r a t e s .  No 
s ig n i f i c a n t  d if f e r e n c e s  o ccu rred  in  P le v e l s  due to  r a t e  o f  
a p p l ic a t io n .
2 . Method o f  a p p l ic a t io n  had no s ig n i f i c a n t  in f lu e n c e  on NO^-N* 
NH^-N o r  NH^-N o v e r t e s t i n g  d a te s .  The to p  d re s se d  method p ro ­
duced s ig n i f i c a n t ly  h ig h e r K le v e ls  th roughou t th e  experim en t, 
w h ile  in c o rp o ra tio n  r e s u l t e d  in  s ig n i f i c a n t ly  h ig h e r P l e v e l s .
3 .  M ic ro n u trie n t mixes had no s ig n i f i c a n t  in f lu e n c e  on NO^-N+NH^- 
N, NH^-N, and K le v e l s  betw een d a te s .  Micromax e x e r te d  a s ig n i ­
f i c a n t  in f lu e n c e  on P le v e l s  th ro u g h o u t th e  experim en t.
4> For NO^-N+NH^-N, NH^-N, P , and K, n u t r i e n t  le v e l s  were a l l  
s i g n i f i c a n t ly  h ig h e r  a t  th e  f i r s t  e x t r a c t io n  i n t e r v a l .  A fte r  th e  
f i r s t  d a te ,  l e v e l s  o f  P showed no p re d ic ta b le  p a t t e r n .  The e f f e c ­
t iv e n e s s  o f  Su lfu rK ote  in  term s o f  r e le a s e  o f  adequate  l e v e l s  o f  
N i s  betw een 68 and 82 days and f o r  K i s  betw een 54 and 68 days.
138
1980 Media samplings
1. Levels o f  media NO^-N, P , and K were s ig n i f ic a n t ly  h ig h e r a t  
th e  h ig h e r SulfurK ote r a t e s .  Ca, Mg, and pH le v e ls  were s ig n i­
f i c a n t ly  h ig h e r a t  th e  low er SulfurK ote r a t e s .
2 . Top d re s s in g  produced s ig n i f ic a n t ly  h ig h e r NO^-N, P , and K 
le v e ls  w hile  in c o rp o ra tio n  showed s ig n i f ic a n t ly  h ig h er le v e ls  
o f  Ca, Mg, and pH over sam pling d a te s .
3* P r o -S ta r t  produced a s ig n i f ic a n t  in flu en c e  on NO^-N and Ca 
c o n te n t, as w e ll as pH. Micromax showed s ig n i f ic a n t ly  h ig h e r P 
le v e ls  w hile  ProGrow produced s ig n i f ic a n t ly  h ig h e r Mg le v e l s .  
Media K co n ten t was n o t s ig n f ic a n t ly  in flu en c ed  by m ic ro n u tr ien t 
m ixes.
4 . Levels o f  NO^-N, P , K, Mg, and pH were s ig n i f ic a n t ly  h igher 
a t  day-33 fo llow ed  by a sy stem a tic  decrease  w ith  each succeeding 
d a te . S ig n if ic a n t ly  h ig h e r le v e ls  o f  Ca o ccu rred  on day-60 and 
day-89 •
1980 Q u a lity  r a t in g s
1 . V isu a l r a t in g s  o f p la n t  growth and co lo r were made 99 and 
143 days a f t e r  e s tab lish m en t o f  th e  s tu d y .
2 . From an o v e ra l l  g row th -co lo r s ta n d p o in t, I le x  co rn u ta  
'B u r f o r d i ',  Jun ip eru s  p f i t z e r i a n a , Ligustrum  .japonicum, P i t t o s -  
porum to b i r a . and Podocarpus m acrophyllus were s ig n i f ic a n t ly  
in f e r io r  in  appearance a t  bo th  r a t in g  d a tes  f o r  th e  17.82 kg/nr* 
SulfurK ote r a t e .
3 .  L aeerstroem ia  ih d ic a  'C ountry  Red1, I le x  co rn u ta  'B u r f o r d i ',  
Jun ip eru s  p f i t z e r i a n a . Ligustrum  .japonicum, P ittosporum  to b i r a
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and Podocarpus m acrophvllus a l l  showed a co m p arativ e ly  h igh  d ea th  
r a t e  f o r  th e  14*85 kg/m? and 17*82 kg/ra^ to p -d ressed -m eth o d  r a t e s .  
G en era lly  th e  8 .91  kg/m? S u lfu rK o te  r a t e  produced b e t t e r  o v e r a l l  
p la n t  q u a l i ty  in  th e s e  s p e c ie s .
4 . G ardenia .iasm inoides 'R a d ic an s ' and Nerium o le a n d e r  were 
s ig n i f i c a n t ly  s u p e r io r  w ith  th e  h ig h e r  Su lfu rK ote  r a t e s  and th e  
to p  d re sse d  method o f  a p p l ic a t io n .
5 . Ju n ip e ru s  p f i t z e r i a n a . P itto sp o ru m  t o b i r a . and Podocarpus 
m acrophvllus were s ig n i f i c a n t ly  s u p e r io r  in  g ro w th -co lo r when 
SulfurK ote  was in c o rp o ra te d .
6 . W ith th e  e x ce p tio n  o f  L igustrum  .japonicum. which showed 
s ig n i f i c a n t ly  b e t t e r  g ro w th -co lo r w ith  Micromax, th e  th r e e  
m ic ro n u tr ie n t mixes showed no s ig n i f i c a n t  in f lu e n c e  on v is u a l  
r a t in g s  o f  th e  p la n t  sp e c ie s  under in v e s t ig a t io n .
The 1981 experim ent was conducted to  determ ine  n u t r i e n t  r e le a s e  
p a t te r n s  and d u ra tio n  o f  r e le a s e  o f  e f f e c t iv e  le v e l s  o f  f iv e  d i f f e r e n t  
com m ercially  a v a i la b le  fo rm u la tio n s  o f  s u l fu r - c o a te d  f e r t i l i z e r s .
E f fe c t  o f  F e r t i l i z e r  T reatm ent:
1981 L eachate e x tr a c t io n s
1 . Low le v e l s  o f  NO^-N+NH^-N were reach ed  by S ta-G reen  13-13-13, 
S ta-G reen  24 -4 -1 0 , LESCO 20-6 -1 2 , and LESCO 14-14-14 by day-70 .
For S c o tts  SREF, l e v e l s  o f  NO^-N+NH^-N rem ained  r e l a t i v e l y  h ig h  
th ro u g h  day-140.
2 . F or a l l  t r e a tm e n ts ,  low le v e l s  o f  le a c h a te  NH^-N were reached  
a f t e r  day-27 , S c o tts  SREF re le a s e d  NH^-N a t  v e ry  low le v e l s  over 
a lo n g e r  p e r io d  o f  tim e  th a n  S ta-G reen  13-13-13» S ta-G reen  24-4-19  
LESCO 2 0 -6 -1 2 , o r  LESCO 14-14-14*
HO
3 . At most t e s t i n g  d a te s ,  S ta-G reen  13-13-13 r e s u l te d  in  s ig n i ­
f i c a n t l y  h ig h e r P le v e l s  th a n  th e  o th e r  fo u r  t re a tm e n ts .
4 . S ta-G reen  13-13-13 , S ta-G reen  24 -4 -10 , LESCO 2 0 -6 -1 2 , and 
LESCO 14-14-14 reach ed  low ppm le a c h a te  K le v e l s  a f t e r  day-57*
S c o tts  SREF co n tin u ed  to  show s ig n i f i c a n t ly  h ig h e r l e v e l s  o f  K 
th ro u g h  d ay -156.
5 . At a l l  d a te s ,  e i t h e r  S ta-G reen  13-13-13 o r  S c o tts  SREF p ro ­
duced s ig n i f i c a n t ly  low er pH re a d in g s  th a n  d id  S ta-G reen  24 -4 -10 ,
LESCO 20-6 -1 2 , o r  LESCO 14-14-14.
6 . S c o tts  SREF, w ith  an a p p a re n tly  s u p e r io r  c o a tin g , r e s u l te d  in  
a more c o n s is te n t ,  lo n g e r , and acc e p tab le  p a t t e r n  o f  r e le a s e  o f 
n u t r i e n t s  th a n  d id  th e  o th e r  Su lfu rK ote  tre a tm e n ts  in  th e  s tu d y .
1981 Media sam plings
1 . Low le v e l s  o f  NO^-N were reach ed  by S ta-G reen  13-13-13,
S ta-G reen  24 -4 -1 0 , LESCO 20-6 -1 2 , and LESCO 14-14-14 a f t e r  day-60 . 
S c o tts  SREF co n tin u ed  to  show s ig n i f i c a n t ly  h ig h e r  l e v e l s  o f  
NO^-N f o r  an a d d i t io n a l  s ix ty -d a y  p e r io d .
2 . For a l l  t r e a tm e n ts ,  low le v e l s  o f  le a c h a te  NH.-N were reach ed4
a f t e r  day-29 . There w ere, in  g e n e ra l , v e ry  low le v e l s  o f  NH^-N 
f o r  a l l  tre a tm e n ts  a t  a l l  d a te s D
3 . E xcept f o r  day-29 , S ta-G reen  13-13-13 produced s ig n i f i c a n t ly  
h ig h e r  P l e v e l s  th a n  th e  o th e r  fo u r  tre a tm en ts*
4 . S ta-G reen  24 -4 -10 , LESCO 20-6 -1 2 , and LESCO 14-14-14 reached  
low media K le v e l s  by d a y -6 l;  S ta-G reen  13-13-13 , by day-90; and 
S c o tts  SREF, by day-154*
l
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5 . At a l l  d a te s ,  e i t h e r  S ta-G reen  13-13-13 o r S c o tts  SREF p ro ­
duced s ig n i f i c a n t ly  low er pH re a d in g s  th a n  d id  S ta-G reen  24 -4 -1 0 ,
LESCO 20-6 -1 2 , o r  LESCO 14-14-14.
E f fe c t  o f  Time and F e r t i l i z e r  T reatm ents Averaged Between D ates;
1931 L eachate e x tr a c t io n s
1 . Levels o f  NO^-N+NH^-N, HH^-N, P , and K g e n e ra l ly  showed
d ec rea se s  c o n s is te n t  w ith  tim e* N0„-N+NH,-N and K reach ed  low3 4
le v e l s  by day-99; and NH^-N, by day-41*
2 . S ta-G reen  13-13-13 and LESCO 14-14-14 r e le a s e d  NO.-N+HH.-N3 4
and NH^-N a t  s i g n i f i c a n t ly  h ig h e r l e v e l s ,  w hile  S c o tts  SREF’ p ro ­
duced a s ig n i f i c a n t ly  low er n i t ro g e n  r e le a s e  p a t te r n  when av er­
aged betw een d a te s .
3* S ta-G reen  13-13-13 r e s u l t e d  in  s ig n f ic a n t ly  h ig h e r P le v e l s  
when compared betw een dates*
4* S ta-G reen  13-13-13 and S ta-G reen  24-4-10  produced s i g n i f i ­
c a n tly  h ig h e r le v e l s  o f  K when averaged  between d a te s .
3* S ta-G reen  13-13-13 and S c o tts  SREF produced s ig n i f i c a n t ly  
low er le a c h a te  pH le v e l s  betw een e x t r a c t io n  d a te s .
1981 Q u a lity  r a t in g s
1 . V isu a l r a t in g s  o f  p la n t  grow th and c o lo r  were made 86 and 154 
days a f t e r  e s ta b lish m e n t o f  th e  s tu d y .
2 . At b o th  r a t i n g  d a te s ,  S c o tts  SREF showed s ig n i f i c a n t ly  b e t t e r  
grow th and c o lo r ,  fo llo w ed , r e s p e c t iv e ly ,  i n  s ig n if ic a n c e  by 
S ta -G reen  13-13-13 and LESCO 14-14-14* Sta-Mlreen 24-4 -10  and 
LESCO 20-6-12  produced s ig n i f i c a n t ly  i n f e r i o r  grow th and c o lo r  a t  
b o th  d a te s .
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